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(54) DISC ARRAY CONTROLLER 

(57) This invention relates to a disk an^y controller. 
There has been demand for a large scale memory 
device system operable without interruption. Further, in 
order to cope with the recent trend toyvard open sys- 
tems, scalability of performance and capacity in such 
systems is needed. 

Conventionally internal buses such as ones which 
connect the channel interface section to the shared 
memory section, and the disk interface section to the 
shared memory section, have been mounted on one 
platter, and the channel interface and other packages 
have been mounted thereon. If the internal buses have 
failed, the operation of the whole system must be 
stopped. There has been another problem that the per- 
formance of the internal buses is fixed. 

A disk array controller according to this invention 
comprises an interface platter on which a channel inter- 
face section and a disk interface section are mounted, a 
memory platter on which a shared memory section is 
mounted, and a cable which connects the interface plat- 
ter to the memory platter in order to solve the above 
problems. 



1: 

DISK ARRAY 
CONTROU£R 

4 



FIG. 1 



11 



2:I/F PA 



CHANNEL^ 

1/FPK ) 

4: CABLE ,J 



160 
I/F GROUP 

-12: 
DISK 
I/F PK 




1£ 



14: 
SHARED 
jyiBMORYPK 



3: MEMORY PA 



Ql 
LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.B 



EP 1 094 386 A1 



Description 

TECHNICAL FIELD 

[0001] This invention relates to a controller for a 
disk array device which divides data and stores it in plu- 
ral magnetic disk drives. 

BACKGROUND AFVT 

[0002] The I/O performance of subsystems which 
use magnetic disk drives as secondary memories is 
lower than that of computer main memories by three or 
four digits. Efforts to minimize this performance discrep- 
ancy or improve the I/O performance of subsystems 
have been made by many people. As one method for 
improving the I/O performance of subsystems, what is 
called a disk an^y, in which a subsystem is composed 
of plural magnetic disk drives and data is divided and 
stored in the magnetic disk drives, has been known. 
[0003] In one example of the prior art, as shown in 
Fig.2. a disk an^y device has the following: plural chan- 
nel interface units 111 for data transmission between a 
host computer 101 and a disk array controller 5; plural 
disk interface units 112 for data transmission between 
magnetic disk drives 120 and the disk array controllers; 
a cache memory unit 1 15 which temporarily stores data 
to be recorded in the magnetic disk drives 120; and a 
shared memory unit 114 which stores control data for 
the cache memory unit 1 15 and the disk array controller 
5, where the cache memory unit 115 and the shared 
memory unit 114 are accessible from all the channel 
interface units 1 1 1 and all the disk interface units 1 12. In 
this conventional system, each of the channel interface 
units 111 and the disk interface units 1 12 is connected 
to the shared memory unit 1 1 4 or to the cache memory 
unit 115. 

[0004] In another example of the prior art, as shown 
in Fig.3, a disk anray device has the following: plural 
channel interface units 111 for data transmission 
between a host computer 1 01 and a disk an-ay controller 
6; plural disk interface units 112 for data transmission 
between magnetic disk drives 1 20 and a disk an-ay con- 
troller 6; cache memory units 115 which temporarily 
store data to be recorded in the magnetic disk drives 
120; and shared memory units 114 which store control 
data for the cache memory units 1 15 and the disk array 
controller 6, where each of the channel interface units 
111 and the disk interface units 1 1 2 is connected to the 
shared memory units 114 through a shared bus 130 
and each of the channel interface units 1 1 1 and the disk 
interface units 1 1 2 is connected with the cache memory 
units 115 though a shared bus 130. 

DISCLOSURE OF THE INVENTION 



[0005] Large scale memory systems which are 
used for data management of main computer systems 



in large scale companies such as banks, securities 
companies and telephone companies are required to 
run around the clock uninten-uptedly all the year round. 
In addition, with the recent growing demand for open- 
5 ended systems, scalability of performance and capacity 
is anticipated to support small to large scale systems. 
[0006] However, in the prior art shown in ngs.2 and 
3, the internal buses which connect each of the channel 
interface units 111 and disk interface units 112 to the 
10 shared memory unit 1 14 or to the cache memory unit 
1 15 are mounted on one platter (backplane), and chan- 
nel interface packages and disk interface packages are 
mounted on the same platter. Due to this structure, in 
the case of a fault in the internal buses, the platter itself 
t5 had to be replaced, which means that the whole system 
had to be stopped. 

[0007] Besides, since the internal buses are 
mounted on the platter, their perfomiance is fixed. 
Therefore, the prior art has the following problem: in 
20 small scale systems, the cost performance is low 
because the performance of the internal buses is too 
high to match that of the channel or disk interface units, 
while in large scale systems, the performance of the 
internal buses is insufficient and cannot be increased. 
25 [0008] As there is a drastic decline in the price of 
large disk array devices in the market, products with 
higher cost perfonnance are anticipated 
[0009] A first object of the present invention is to 
provide a disk array controller which runs around the 
30 clock all the year around uninterruptedly without the 
need for stopping the whole system in the case of a fault 
or during maintenance. A second object of the present 
invention is to provide a disk array controller which pro- 
vides scalability of performance and capacity without an 
35 unfavorable influence on the cost performance. 

[0010] The above-mentioned objects can be 
achieved by a disk array controller which has the follow- 
ing: an interface unit platter on which channel interface 
units connected with the host computer and disk inter- 
40 face units connected with disk drives are mounted; a 
memory platter on which a shared memory unit for stor- 
ing control data is mounted; and cables which connect 
the interface platter and the memory platter. 
[QOil] Also, the above-mentioned objects can be 
45 achieved by a disk an^ controller which has the follow- 
ing: plural platters on each of which channel interface 
units connected with the host computer, disk interface 
units connected with disk drives and a shared memory 
unit for storing control data are mounted; and cables 
50 which interconnect the plural platters. 

[0012] Furthemriore, the above-mentioned objects 
can be achieved by a disk array controller which has the 
following: an interface platter on which channel interface 
units connected with the host computer, disk interface 
55 units connected with disk drives, shared buses which 
connect the channel interface unrts and disk interface 
units, and shared bus interconnect controllers con- 
nected with the shared buses to control requests from 
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the channel interface units and the disk interface units, 
are mounted; a memory platter on which shared mem- 
ory units for storing control data are mounted; and 
cables which connect the interface platter and the mem- 
ory platter, 5 
[0013] The above-mentioned disk array controller 
according to this invention uses expensive cables. Fur- 
ther, data transmission at high frequencies by cables is 
likely to cause noise. Therefore, a further object of this 
invention is to shorten the cable length in the disk- array io 
controller according to this invention which is placea in 
the rack, as far as possible. 

[0014] The above-said further object of the present 
invention can be achieved by a disk array controller . 
which has the following: an interface platter on which is 
channel interface units connected with the host compur 
ter. and disk interface units connected with disk drives 
are mounted; and a memory platter on which shared 
memory units for storing control data are mounted, 
where the orientation of the mounted interface platter is 20 
different from that of the mounted memory platter. 
[0015] Also the above-said further object of the 
present invention can be achieved by a disk an^y con- 
troller which has the following: plural interface platters 
on each of which channel interface units connected with 25 
the host computer, and disk interface units connected 
with disk drives are mounted; and a memory platter on 
which shared memory units for storing control data are 
mounted, where the memory platter is located between 
■ the plural interface platters. 
[0016] Also, the above-said further object can be 
achieved by a disk array controller which has plural plat- 
ters on each of which channel Interface units connected 
with the host computer, disk interface units connected 
with disk drives, and a shared memory unit for storing 35 
control data are mounted, where one of the plural plat- 
ters is located above another of them. 
[0017] Other solutions for the above-mentioned 
objects and further object will be discussed in the sec- 
tion "BEST MODE FOR CARRYING OUT THE INVEN- 40 
TION." 

BRIEF DESCRIPTION OF DRAWINGS 



[0018] 



45 



Fig.1 shows a configuration in the rack-mounted 
form of a disk an^y controller according to this 
invention. 

Fig.2 shows a configuration of a conventional disk so 
array controller. 

Fig.3 shows a configuration of a conventional disk 
an-ay controller. 

Fig.4 shows a configuration of a disk array control- 
ler according to this invention. ^5 
Fig.5 shows another configuration of a disk array 
controller according to this invention. 
Fig.6 shows another configuration in the rack- 



mounted form of a disk array controller according to 
this invention. 

Fig.7 shows another configuration of a disk array 
controller according to this invention. 
Fig.8 shows another configuration in the rack- 
mounted form of a disk an^y controller according to 
this invention. 

Fig.9 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Rg.10 shows another configuration of a disk array 
controller according to this invention, 
Fig.11 shows another configuration in the rack- 
mounted form of a disk an^y controller according to 
this invention. 

Fig.1 2 shows another configuration of a disk array 
controller according to this invention. 
ng.13 shows another configuration of a disk array 
controller according to this invention. 
Fig.14 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

ng.15 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. ■ . 

Fig.16 shows another configuration in the. rack- 
mounted form of a disk an^y controller according to 
this invention. 

ng.17 shows another configuration of a disk array 
controller according to this invention. 
Fig.1 8 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

ng.19 shows another configuration in the rack- 
mounted form of a disk an^y controller according to 
this invention. 

Fig.20 shows another configuration of a disk array 
controller according to this invention. 
Fig.21 shows another configuration of a disk array 
- controller according to this invention. 

Fig.22 shows another configuration of a disk array 
controller according to this invention. 
Fig.23 shows another configuration of a disk array 
controller according to this invention. 
Rg.24 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Fig.2S shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Fig.26 shows another configuration in the rack- 
mounted form of a disk an^y controller according to 
this invention. 

Fig.27 shows another configuration in the rack- 
mounted form of a disk an^y controller according to 
this invention. 

Fig.28 shows another configuration of a disk array 
controller according to this invention. 
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Fig.29 shows another configuration in the rack- 
nriounted form of a disk array controller according to 
this invention. 

Rg.30 shows another configuration in the rack- 
mounted form of a disk array controller according to s 
this invention. 

Fig.31 shows another configuration of a disk array 
controller according to this invention. 
Rg.32 shows another configuration in the rack- 
mounted form of a disk array controller according to io 
this invention. 

Rg.33 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

ng.34 shows another configuration of a disk array is 
controller according to this invention. 
Rg.35 shows another configuration of a disk array 
controller according to this invention. 
Rg.36 shows another configuration of a disk an^y 
controller according to this invention. 20 
Rg.37 shows another configuration of a disk array 
controller according to this invention. 
Rg.38 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 25 
Rg.39 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Rg.40 shows another configuration in the rack- 
mounted form of a disk array controller according to 30 
this invention. 

Rg.41 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Rg.42 shows another configuration of a disk an^y 35 
controller according to this invention. 
Rg.43 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Rg.44 shows another configuration in the rack- 4o 
mounted forni of a disk array controller according to 
this invention. 

Rg.45 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Rg.46 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Rg,47 shows another configuration in the rack- 
mounted form of a disk array controller according to so 
this invention. 

Rg.48 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Rg.49 shows another configuration in the rack- ss 
mounted form of a disk array controller according to 
this invention, 

Rg.50 shows another configuration in the rack- 



mounted form of a disk anay controller according to 
this invention. 

ng.51 shows another configuration in the rack- 
mounted fomi of a disk amy controller according to 
this invention. 

ng.52 shows another configuration in the rack- 
mounted form of a disk anray controller according to 
this invention. 

Rg.53 shows another configuration of a disk array 
controller according to this invention. 
ng.54 shows another configuration in the rack- 
mounted form of a disk an^y controller according to 
this invention. 

Rg.55 shows another configuration in the rack- 
mounted fomn of a disk an^y controller according to 
this invention. 

Rg.56 shows another configuration of a disk array 
controller according to this invention. 
Rg.57 shows another configuration of a disk array 
controller according to this invention. 
Rg.58 shows another configuration of a disk array 
controller according to this invention. 
Rg.59 shows another configuration of a disk array 
controller according to this invention. 
Rg.60 shows another configuration in the rack- 
mounted fonr^ of a disk anBy controller according to 
this invention. 

Rg.61 shows another configuration in the rack- 
mounted form of a disk anray controller according to 
this invention. 

Rg.62 shows another configuration in the rack- 
mounted form of a disk anay controller according to 
this invention. 

Rg.63 shows another configuration in the rack- 
mounted fomn of a disk array controller according to 
this invention. 

Rg.64 shows another contiguration of a disk array 
controller according to this invention. 
Rg.65 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Rg.66 shows another configuration in the rack- 
mounted fomn of a disk an^y controller according to 
this invention. 

Rg.67 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Rg.68 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Rg.69 shows another configuration in the rack- 
mounted fonm of a disk array controller according to 
this invention. 

Rg.70 shows another configuration in the rack- 
mounted form of a disk an^y controller according to 
this invention. 

Rg.71 shows another configuration in the rack- 
mounted fonm of a disk anray controller according to 
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this invention. 

Fig.72 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Fig.73 shows another configuration in the rack- 
mounted form of a disk array controller according to 
this invention. 

Fig.74 shows another configuration in the rack- 
mounted form of a disk array controller according to 

this invention. 

Fig.75 shows one form of implementation of plat- 
ters in a disk array controller according to this 
invention. 

Fig.76 shows another form of implementation of 
platters in a disk array controller according to this 
invention. 

Fig.77 shows a rack housing a disk array controller 
according to this invention. 

Fig.78 shows another type of rack housing a disk 
array controller according to this invention. 
Fig.79 shows another type of rack housing a disk 
array controller according to this invention. 
Fig.80 shows connections between platters in a 
disk array controller according to this invention. 
Fig.81 shows how interface platters in a disk array 
controller according to this invention are mounted. 
Fig.82 shows how memory platters in a disk array 
controller according to this invention are mounted, 
and 

Fig.B3 shows how power supplies of a disk array 
controller according to this invention are mounted. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0019] The best mode for carrying out this invention 
is explained next using various embodiments. 

[Embodiment 1] 

[0020] Figs. 1 and 4 show one embodiment of the 
invention. 

[0021] Fig.4 shows the configuration of a disk array 
controller according to the invention. The disk array con- 
troller 1 has channel interface units 111, disk interface 
units 1 1 2, shared memory units 1 1 4 and access paths 0 
(135). 

[0022] The channel interface units 111 each have at 
least one interface with the host computer, at least one 
microprocessor, at least one (two, in this embodiment) 
access circuit to the shared memory units 114, and at 
least one (two, in this embodiment) access path inter- 
faces to the shared memory units 114 (these are not 
shown here) to enable data transmission between the 
host computer 1 01 and the shared memory units 1 14. 
[0023] The disk interface units 112 each have at 
least one interface with plural magnetic disk drives 120, 
at least one microprocessor, at least one (two, in this 
embodiment) access circuit to the shared memory units 



114, and at least one (two, in this embodiment) access 
path interface with the shared memory units 1 14 (these 
are not shown here) to enable data transmission 
between the plural magnetic disk drives 120 and the 

5 shared memory units 114. 

[0024] The shared memory units 114 each have a 
memory for storing data to be recorded in the magnetic 
disk drives 120, control data for that data and control 
data for the disk array controller 1, and at least one 

10 (eight, in this embodiment) access path interfaces 
(these are not shown here) to the interface units. 
[0025] In this embodiment, two channel interface 
units 1 1 1 and two disk interface units 1 1 2 constitute one 
group, which is called an i/F group 1 60. In this embodi- 

15 ment, the disk array controller 1 has two I/F groups. 
[0026] Here, the number of I/F groups 160 is not 
limited as above. The number of I/F groups depends on 
the number of access paths to the shared memory 
units, management unit fo- maintenance (the number of 

20 channel and disk interface units subjected to each 
maintenance service), and other factors. One possibility 
is that the minimum disk array controller configuration 
corresponds to one I/F group. 

[0027] Fig.1 illustrates the configuration of the disk 
25 array controller 1 in the rack-mounted form. The chan- 
nel interface units 111. disk interface units 112 and 
shared memory units 1 1 4 shown in Fig.4 are separately 
packaged in channel interface packages (PK) 11. disk 
interface packages (PK) 12 and shared memory pack- 
30 ages (PK), respectively. The channel interface pack- 
ages 11 and disk interface packages 12 which 
constitute one I/F group 160, are mounted on one inter- 
face platter (P/L) 2, and the two shared memory pack- 
ages 14 are mounted on a memory platter (P/L) 3 

35 different from the interface platters 2. Each interface 
platter 2 and the memory platter 3 are connected by a 
cable 4. The cable 4 is a cable for access path 0 (135) 
which connects the channel interface units 1 1 1 or disk 
interface units 1 12 with the shared memory units 1 14. 

40 [0028] The channel interface packages 11, disk 
interface packages 12, and shared memory packages 
14 may be all mounted on different platters. 
[0029] As described above, when a certain number 
of interface packages are mounted on one interface 

45 platter, in case of a fault in a platter, it is only necessary 
to stop the parts for which the packages mounted on 
that platter are responsible, instead of stopping the 
entire system. Also, since the cable 4 is used for the 
access paths 0 (135), the number of access paths 0 

50 (135) can be easily increased or decreased as the 
number of interface platters 2 bearing interface pack- 
ages increases or decreases, so that scalability of 
access path 0 performance can be assured. Therefore, 
the performance and capacity can be flexibly varied 

55 depending on the scale of the system, without any dete- 
rioration in cost performance. This also implies that a 
disk array controller product can be supplied at a rea- 
sonable price which suits the scale of the system. 
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[Embodiment 2] 

[0030] Figs.31 and 32 show another embodiment of 
this invention. Its difference from embodiment 1 is that 
the two shared memory units 114 in Fig.4 are intercon- 
nected via access path 2 (139) to mal<e a dual system, 
as shown in Fig.31. 

[0031] Rg.32 illustrates the configuration of the disk 
array controller 1 in Fig.31 in the rack-mounted form. 
Two shared memory units 1 1 4 are separately packaged 
In two shared memory packages (PK) 14, which are 
mounted on different memory platters 3. The memory 
platters 3 are interconnected by cable 2 (4-9) and one 
interface platter 2 and each of the two memory platters 
3 are connected by cable 4. The cable 2 is a cable for 
access path 2 (139) as shown in Fig.31 . 
[0032] This configuration not only produces the 
same effects as those of embodiment 1 but also a fur- 
ther effect: Thanks to the dual system of shared mem- 
ory units 1 14, even if one shared memory package 14 
or memory platter 3 fails, the system can be operated 
using the shared memory package 14 mounted on the 
other memory platter 3. Therefore, it is possible to 
replace the defective shared memory package 14 or 
memory platter 3, without stopping the system. 
[0033] In this embodiment, the shared memory 
units 114 are interconnected via access path 2 (139) to 
make a dual system; however, instead, the same dual 
system effect can be obtained by writing the same data 
in both the two shared memory units 1 1 4 from the chan- 
nel interface units 1 1 1 or disk interface units 1 12. in this 
case, it is unnecessary to interconnect the shared mem- 
ory units 1 14 via access path 2 (139). However, if they 
are interconnected via access path 2 (139), the data in 
the two shared memory units 1 14 can be directly cross- 
checked for confinnation or a similar purpose, resulting 
in improved reliability. 

[Embodiment 3] 

[0034] Fig.45 shows another embodiment of the 
invention. Like embodiment 2, this embodiment uses 
two shared memory units 114 which make up a dual 
system. Two shared memory units 114 are separately 
packaged in shared memory packages 14, which are 
mounted on one memory platter 3. This memory platter 
3 is divided into two areas by a power supply boundary 
300. Power is separately supplied from independent 
power supplies to the two areas. Each of the areas 
bears one shared memory package 14. One interface 
platter 2 and the two areas of the memory platter 3 are 
connected by cables 4. 

[0035] This configuration not only produces the 
same effects as those of embodiment 1 but also a fur- 
ther effect: even if a fault occurs in the shared memory 
package 14 in one of the areas into which the memory 
platter 3 is divided by the power supply boundary 300, 
the system can be operated using the shared memory 



package 14 mounted on the other area. Therefore, it is 
possible to replace the defective shared memory pack- 
age 14, without stopping the system. 

5 [Embodiment 4] 

[0036] Figs. 1 7 and 1 8 show another embodiment of 
the invention. Its difference from embodiment 1 is that 
as shown in Fig.17, the cache memory units 115 for 

10 storing data to be recorded in magnetic disk drives 120, 
and the shared memory units 114 for storing control 
data for the cache memory units 115 and the disk an-^ 
controller 1 are physically divided, and access paths a 
(137) to the shared memory units 114, and access 

15 paths b (138) to the cache memory units 1 15 are inde- 
pendent of each other. 

[0037] Fig. 1 8 illustrates the configuration of the disk 
array controller 1 in Fig.17 in the rack-mounted fomn. 
The cache memory units 115 and the shared memory 

20 units 114 are separately packaged in cache memory 
packages 15 and shared memory packages 14, respec- 
tively, which are mounted on the memory platter 3. In 
place of the cable 4 which connects each interface plat- 
ter 2 and the memory platter 3 as shown in Fig.1 , cables 

25 a (4-3) for access paths a (137) to the shared memory 
units 1 14 and cables b (4-4) for access paths b (138) to 
the cache memory units 1 15 are used. 
[0038] The shared memory packages 14 and the 
cache memory packages 15 may be mounted on differ- 

30 ent platters. 

[0039] This configuration not only produces the 
same effects as those of embodiment 1 but also a fur- 
ther effect: Since access paths from the channel inter- 
face packages 11 and the disk interface packages 12 to 

35 the cache memory packages 15 or the shared memory 
packages 14 can be made physically independent, it is 
possible to distinguish between faults related to access 
to the cache memory units 115 (faults in the cache 
memory units 1 1 5 or paths or others for access to them) 

40 and faults related to access to the shared memory units 
1 14 (faults in the shared memory units 1 14 or paths or 
others for access to them) so that defective parts can be 
independently repaired without affecting other parts. 

45 [Embodiment 5] 

[0040] Figs.53 and 54 show another embodiment of 
this invention. Its difference from embodiment 4 is that 
two shared memory units 114 are interconnected via 

50 access path a2 (140) and two cache memory units 115 
are interconnected via access path b2 (141) to make a 
dual system, as shown in Fig.53. 
[0041 ] Fig.54 illustrates the configuration of the disk 
array controller 1 in Fig.53 in the rack-mounted form. 

55 Two shared memory units 1 14 and two cache memory 
units 115 are separately packaged in shared memory 
packages 14 and cache memory packages 15, respec- 
tively, and one shared memory package and one cache 
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memory package, which constitute one set, are 
mounted on one memory platter 3, with the two memory 
platters 3 being interconnected by cable a2 (4-10) and 
cable b2 (4-11). One interface platter 2 is connected to 
two memory platters 3 by cable a (4-3) and cable b (4- 5 
4). Cable a2 (4-10) and cable b2 (4-1 1) are cables for 
access path a2 (140) and access path b2 (141), respec- 
tively. 

[0042] This configuration not only produces the 
same effects as those of embodiment 4 but also a fur- 10 
ther effect: Even if a fault occurs in one shared memory 
package 14, cache memory package 15 or memory 
platter 3, the system can be operated using the shared 
memory package 14 or cache memory package 15 
mounted on the other memory platter 3. Therefore, it is 15 
possible to replace the defective shared memory pack- 
age 1 4, cache memory package -1 5 or memory platter 3, 
without stopping the system. 

[0043] In this embodiment, the shared memory 
units 114 are interconnected via access path a2 (140) 20 
and the cache memory units 1 16 are interconnected via 
access path b2 (141); however, instead, the same dual 
system effect can be obtained by writing the same data 
in both the two shared memory units 1 1 4 or both the two 
cache memory units 115 from the channel interface 25 
units 1 1 1 or the disk interface units 1 12. In this case, it 
is unnecessary to interconnect the shared memory 
units 1 14 or the cache memory units via access path a2 
(140) or access path b2 (141). However, if they are 
interconnected via access path a2 (1 40) or access path 30 
b2 (141), the data in the two shared memory units 114 
or the two cache memory units 115 can be directly 
cross-checked for confimnation or a similar purpose, 
resulting in improved reliability. 

35 

[Embodiment 6] 

[0044] Fig.67 shows another embodiment of the 
invention. As shown in ng.67, in this embodiment, two 
shared memory units 1 1 4 and two cache memory units 40 
1 15 are packaged in shared memory packages 14 and 
cache memory packages 15. respectively, which are 
mounted on one memory platter 3 which is divided into 
two areas by a povyer supply boundary 300 as in 
embodiment 3. Each of the areas bears one shared 45 
memory package 14 and one cache memory package 
15. One interface platter 2 is connected to one of the 
two areas of the memory platter 3 by cables a (4-3) and 
to the other by cables b (4-4). This embodiment thus 
provides a dual system which consists of two shared so 
memory units 114 and two cache memory units 115. 
[0045] This configuration not only produces the 
same effects as those of embodiment 4 but also a fur- 
ther effect: Even if a fault occurs in the shared memory 
package 1 4 or cache memory package 1 5 in one of the 55 
areas into which the memory platter 3 is divided by the 
power supply boundary 300, the system can be oper- 
ated using the shared memory package 14 or cache 



memory package 15 in the other area of the memory 
platter 3. Therefore, it is possible to replace the shared 
memory package 14 or cache memory package 15 in 
the area where the fault has occurred, without stopping 
the system. 

[Embodiment 7] 

[0046] Fig. 5 shows another embodiment of the 
invention. 

[0047] The disk an-ay controller 1 shown in Fig.5 
has the following: channel interface units 111; disk inter- 
face units 112; two shared buses 0 (31) which connect 
them; shared memory units 114; two shared buses 1 
(32) which interconnect the shared memory units; 
shared bus interconnect controllers 1 40 which connect 
the shared buses 0 (31) and shared buses 1 (32); and 
access paths 0 (135). 

[0048] Each channel interface unit 1 1 1 has at least 
one interface with the host computer, at least one micro- 
processor, at least one (two, in this embodiment) access 
circuit to the shared memory unit 114, and at least one 
(two, in this embodiment) interface with the shared 
buses 0 (31) (these are not shown here) to enable data 
transmission between the host computer 101 and the 
shared memory units 114. 

[0049] Each disk interface unit 1 12 has at least one 
interface with plural magnetic disk drives 120. at least 
one microprocessor, at least one (two, in this embodi- 
ment) access circuit to the shared memory units 114, 
and at least one (two. in this embodiment) interface with 
the shared buses 0 (31) (these are not shown here) to 
enable data transmission between the plural magnetic 
disk drives 120 and shared memory units 1 14. 
[0050] Each shared memory unit 114 has a mem- 
ory tor storing data to be recorded In the magnetic disk 
drives 120, control data for that data and control data for 
the disk array controller, and at least one (two, in this 
embodiment) interface with shared buses 1 (32) (these 
are not shown here). 

[0051] One shared bus is connected with one 
shared bus interconnect controller 1 40. The shared bus 
interconnect controllers 140 connected with the shared 
buses 1 (32) each have two access paths 0 (135) from 
two shared bus interconnect controllers 140 which 
belong to different l/F groups 1 60. 
[0052] For access from the channel interface units 

111 or disk interface units 112 to the shared memory 
units 1 14. the SM access circuit (not shown here) inside 
each channel interface unit 1 1 1 or disk interface unit 

1 1 2 first obtains the right to use the shared buses 0 (31 ) 
and then accesses the shared bus interconnect control- 
ler 140 connected with the shared buses 0 (31), and 
issues a request for access to the shared buses 1 (32). 
The shared bus interconnect controller 140 sends the 
access request to the shared bus interconnect control- 
ler 140 connected with the shared buses 1 (32). If the 
shared bus interconnect controller 140 connected with 



7 



13 



EP 1 094 386 A1 



14 



the shared buses 1 (32) receives access requests from 
two different shared bus interconnect controllers 140 
connected with it, it selects one of them by arbitration 
and obtains the right to use the shared buses 1 (32). 
After obtainment of the right, the shared bus intercon- 
nect controller connected with the shared buses 1 (32) 
sends the access request to the shared memory units. 
[0053] In this embodiment, two channel interface 
units in, two disk interface units 112 and two shared 
bus interconnect controllers 140 constitute one group, 
which is hereinafter called an l/F group 160. In this 
embodiment, the disk array controller 1 has two l/F 
groups. 

[O054] Here, the number of !/F groups 160 is not 
limited as above. The number of l/F groups depends on 
the management unit for maintenance (the number of 
channel and disk interface units subjected to each 
maintenance sen/ice), and other factors. One possibility 
is that the minimum disk an^y controller configuration 
corresponds to one l/F group. Though this embodiment 
uses two shared buses 0 (31), It is possible to use only 
one. However, the use of two shared buses like this 
makes the access path to the shared memory units 114 
redundant which improves trouble resistance. 
[0055] The configuration of the disk array controller 
1 in Fig.5 In the rack-mounted fomri is basically the 
same as the configuration of embodiment 1 shown in 
Fig.1 . The difference from embodiment 1 is that shared 
buses 0 (31) are wired on interface platters 2 and 
shared bus interconnect controllers 140 are directly 
mounted there, and that shared buses 1 (32) are wired 
on one memory platter and shared bus interconnect 
controllers 140 are directly mounted there. 
[0056] The advantage of this configuration is as fol- 
lows. The use of cables as access paths would be more 
costly than when access paths are directly mounted on 
a platter. Further, data transmission at high frequencies 
by several cables could cause noise unless the cable 
length is equalized with high accuracy. It is more advan- 
tageous in terms of scalability to use cables for all 
access paths between the channel interface packages 
11, disk interface packages 12 and shared memory 
package 14 as in the disk array controller of embodi- 
ment 1. However, for the above-mentioned reason, the 
use of many cables may be disadvantageous in terms of 
cost and implementation efficiency. Therefore, in this 
embodiment the number of cables used is decreased in 
comparison with the disk array controller of embodiment 
1 by wiring shared buses 0 (31) on interface platters 2 
and directly mounting shared bus interconnect control- 
lers 1 40 thereon, and wiring shared buses 1 (32) on one 
memory platter and directly mounting shared bus inter- 
connect controllers 140 thereon. This realizes a disk 
array controller which has an advantage over the prior 
art in terms of scalability and over the disk array control- 
ler of embodiment 1 in terms of cost and implementa- 
tion efficiency. 

[0057] In addition, since this embodiment uses a 



dual system consisting of two shared buses 0 (31), two 
shared buses 1 (32) and shared bus interconnect con- 
trollers 140 connected with them, one channel interface 
unit 1 1 1 or disk inte;f ace unit 1 1 2 has two access routes 

5 to one shared memory unit 114. Therefore, in this 
embodiment, one cable 4 as shown in Fig.1 is replaced 
by two cables, each of which is allocated to one of the 
two access paths 0 (135). Thanks to this dual system, if 
one of the two access paths 0 (135) fails, the other 

70 access path 0 (1 35) can be used, penriitting the system 
to operate uninterruptedly. During operation of the sys- 
tem, the cable 4 for the defective access path 0 (135) 
can be replaced. 

15 [Embodiment B] 

[0058] Fig.34 shows another embodiment of this 
invention. In the disk array controller 1 as shown in 
Fig.34, two shared memory units 114 connected with 

20 two shared buses 1 (32) and two shared bus intercon- 
nect controllers 140 constitute one group. Two such 
groups make up shared memory. The two shared mem- 
ory units in one group and those in the other group are 
connected via access paths 2 (1 39) to make a dual sys- 

25 tern. In short, this embodiment doubles the group of 
shared memory units 1 14 as shown in Rg.5 for embod- 
iment 7. 

[0059] The configuration of the disk an-ay controller 
1 in Fig.34 in the rack-mounted fomri is the same as the 

30 configuration shown in Fig.32 for embodiment 2, except 
that the four shared memory units 114 are separately 
packaged in shared memory packages 14, which are 
mounted on two different memory platters 3 group by 
group. Therefore, in this embodiment, since one such 

35 group contains two shared memory units 114, one 
memory platter 3 bears two shared memory packages 
14 (Fig.32 shows only one shared memory package 14 
on each platter). In this respect, this embodiment is dif- 
ferent from embodiment 2. Another difference from 

40 embodiment 2 is that shared buses 1 (32) are wired on 
the memory platters 3 and two shared bus interconnect 
controllers are directly mounted thereon (these are not 
shown here). 

[0060] The above-mentioned configuration pro- 
45 duces the same effects as those of embodiments 2 and 
7. 

[0061] In this embodiment, the shared memory 
units 1 1 4 are interconnected via access paths 2 (1 39) to 
make a dual system; however, instead, the same dual 

50 system effect can be obtained by writing the same data 
in both the two shared memory units 1 14 from the chan- 
nel interface units 1 1 1 or disk interface units 1 1 2. In this 
case, it is unnecessary to interconnect the shared mem- 
ory units 1 14 via access paths 2 (139). However, if they 

55 are interconnected via access paths 2 (139), the data in 
the two shared memory units 1 1 4 can be directly cross- 
checked for confirmation or a similar purpose, resulting 
in improved reliability 
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[0062] The above-said groups of shared memory 
units 1 1 4 may be mounted in the same way as shown in 
Fig.45 for embodiment 3. In other words, each of the 
above groups of shared memory units 1 14 is mounted 
on each of the two areas of one memory platter 3 
divided by a power supply boundary 300, to which 
power is supplied from separate power supplies. 
[0063] Thanl<s to this configuration, even if a fault 
occurs in a shared memory package 14 in one of the 
areas into which the memory platter 3 is divided by the 
power supply boundary 300, the system can be oper- 
ated using the shared memory packages 14 mounted 
on the other area, so the defective shared memory 
package 14 can be replaced without stopping the sys- 
tem. 

[Embodiment 9] 

[0064] Fig.20 shows another embodiment of this 
invention. According to this embodiment, the cache 
memory units and shared memory units in the disk 
array controller shown in Fig.5 for embodiment 7are 
physically divided as described for embodiment 4. Also, 
in this embodiment, the shared buses 0 (31) in Fig.5 are 
divided into shared buses bO (35) for transmitting data 
from the magnetic disk drives 1 20 and shared buses aO 

(33) for transmitting control data for the cache memory 
units 1 15 and disk array controller 1 , and the channel 
interface units 1 1 1 and disk interface units 1 12 are con- 
nected to both the shared buses aO (33) and shared 
buses bO (35). Further, the shared buses 1 (32) in Fig.5 
are divided into shared buses b1 (36) for transmitting 
data from the magnetic disk drives 120 and shared 
buses a1 (34) for transmitting control data for the cache 
memory units 115 and disk array controller 1, and the 
cache memory units 115 and shared memory units 114 
are connected to the shared buses bl (36) and shared 
buses al (34), respectively. Connections are made 
between the shared buses aO (33) and shared buses a1 

(34) , and between the shared buses bO (35) and the 
shared buses b1 (36) through shared bus interconnect 
controllers 140, via access paths a (137) and access 
paths b (138), respectively. 

[0065] The configuration of the disk an-ay controller 
1 in Fig.20 in the rack-mounted form is the same as the 
one shown in Rg.l 8 for embodiment 4, except that the 
two cache memory units 115 and two shared memory 
units 1 14 in Fig.20 are separately packaged in two sep- 
arate cache memory packages 15 and two shared 
memory packages 14, respectively, which are mounted 
on a memory platter 3. On the memory platter 3, the 
shared buses al (34) and shared buses bl (36) are 
wired and the shared bus interconnect controllers 140 
are directly mounted thereon (all these are not shown 
here). On each interface platter 2, the shared buses aO 
(33) and shared buses bO (35) are wired and the shared 
bus interconnect controllers 140 are directly mounted 
thereon (all these are not shown here). The cable which 



connects each interface platter 2 and memory platter 3 
is divided into a cable a (4-3) for access path a (137) to 
the shared memory units 114 shown in Fig.20 and a 
cable b (4-4) for access path b (138) to the cache mem- 

5 ory units 1 1 5 in Fig.20. 

[0066] This configuration not only produces the 
same effects as those of embodiment 7 but also a fur- 
ther effect: Since the access paths from the channel 
interface packages 11 and disk interface packages 12 

10 to the cache memory packages 15 or shared memory 
packages 14 are physically independent, it is possible to 
distinguish between faults related to access to the 
cache memory units 115 (faults in the cache memory 
units 1 15 or the shared buses bO (35), shared buses bl 

15 (36), shared bus interconnect controllers 140, access 
paths b (138) or others for access to them) and faults 
related to access to the shared memory units 1 1 4 (faults 
in the shared memory units 114 or the shared buses aO 
(33), shared buses al (34), shared bus interconnect 

20 controllers 140, access paths a (137) or others for 
access to them) so that defective parts can be inde- 
pendently repaired without affecting other parts. 

[Embodiment 10] 

25 

[0067] Fig.56 shows another embodiment of this .. 
invention. As shown in Fig.56, two shared memory units 
114 connected with two shared buses al (34), and two 
shared bus interconnect controllers 140, constitute one 

30 group; two such groups make up shared memory. The 
two shared memory units 114 in one such group and 
those in the other group are connected via access paths 
a2 (140) to make a dual system. Two cache memory 
units 1 15 connected with two shared buses bl (36), and 

35 two shared bus interconnect controllers 140, constitute 
one group; two such groups make up cache memory. 
The two cache memory units 1 1 5 in one such group and 
those in the other group are connected via access paths 
b2 (140) to make a dual system. 

40 [0068] In short, this embodiment doubles the group 
of shared memory units 114 and the group of cache 
memory units 1 1 5 as shown in Fig.20 for embodiment 9. 
[0069] The configuration of the disk array controller 
1 in Rg.56 in the rack-mounted form is the same as the 

45 one shown in Fig. 54 for embodiment 5, except that the 
four shared memory units 114 and four cache memory 
units 1 15 as shown in Rg.56 are separately mounted in 
shared memory packages 14 and cache memory pack- 
ages 15, respectively, and one shared memory group 

50 and one cache memory group are mounted on one 
memory platter 3. On each memory platter 3, shared 
buses al (34) and shared buses bl (36) are wired and 
four shared bus interconnect controllers 140 are directly 
mounted. On each interface platter 2, shared buses aO 

55 (33) and shared buses bO (35) are wired and shared 
bus interconnect controllers 140 are directly mounted 
(all these are not shown here). Connection between the 
memory platters 3 is made by cables a2 (4-1 0) and b2 
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(4-1 1 ). One interface platter 2 is connected with the two 
memory platters 3 by cables a (4-3) and b (4-4). Cables 
a2 (4-10) are cables for access paths a2 (140) in Fig.56 
and cables b2 (4-11) are ones for access paths b2 
(141). 

[0070] This configuration produces the same 
effects as those of embodiments 5 and 9. 
[0071] In this embodiment, the shared memory 
units 1 14 are interconnected via access paths a2 (140) 
and the cache memory units are interconnected via 
access paths b2 (141) to make a dual system; however, 
instead, the same dual system effect can be obtained by 
writing the same data in both the two shared memory 
units 114 or both the two cache memory units 115 from 
the channel interface units 1 1 1 or the disk interface 
units 1 1 2. In this case, it is unnecessary to interconnect 
the shared memory units 114 or cache memory units 
1 1 5 via access paths a2 (1 40) or access paths b2 (1 41 ). 
However, if they are interconnected, the data in the two 
shared memory units 114 or two cache memory units 
can be directly cross>checked for confirmation or a sim- 
ilar purpose, resulting in improved reliabirrty. 
[0072] The groups of shared memory units 1 1 4 and 
the groups of cache memory units 1 15 may be mounted 
as shown in Fig.67. Concretely, the shared memory 
units 114 and cache memory units 115 are separately 
packaged in shared memory packages 14 and cache 
memory packages 15, respectively. These are mounted 
on one of the two areas of one memory platter divided 
by a power supply boundary 300, where power is sup- 
plied to each area from a separate power supply Here, 
the interface platters 2 are connected to the two areas 
of the memory platter 3 by cables a (4-3) and b (4-4). In 
this case, each area of the memory platter 3 bears two 
shared memory packages 14 and two cache memory 
packages 15 (though Fig. 67 shows only one package 
of each memory type in each area). 
[0073] Thanks to this configuration, even if a fault 
occurs in a shared memory package 14 or cache mem- 
ory package 15 in one of the areas into which the mem- 
ory platter 3 is divided by the power supply boundary 
300, the system can be operated using the shared 
memory packages 14 or the cache memory packages 
15 mounted on the other area, so the defective shared 
memory package 14 or cache memory package 16 can 
be replaced without stopping the system. 

[Embodiment 11] 

[0074] Figs. 6 and 7 show another embodiment of 
this Invention. 

[0075] Fig.7 illustrates the configuration of a disk 
array controller according to this embodiment. The disk 
array controller 1 has channel interface units 111, disk 
interface units 1 12, selectors 113, shared memory units 
114, access paths 0 (135) and access paths 1 (136). 
[0076] The channel interface units 111, disk inter- 
face units 112, and shared memory units 1 14 have the 



same structures as those in embodiment 1 . 
[0077] Each selector unit 113 is connected with a 
total of four access paths 0 (135) from two channel 
interface units 111 and two disk interface units 112 on 
5 the basis of one path per unit. Also each selector unit 
113 is connected with two access paths 1 (36), with 
each path being connected with one of the two shared 
memory units 114. One such selector unit 1 13 and two 
channel interface units ill and two disk interface units 
10 112 which are connected with it constitute one group, 
which is hereinafter called a selector group 150. In this 
embodiment, the disk array controller 1 has two selector 
groups 150 and two shared memory units 114. Due to . 
the above-mentioned availability of access paths, each 
15 selector unit 1 1 3 selects two of the four requests trans- 
mitted via the four access paths 0 (135) from the chan- 
nel interface units 111 and disk interface units 112, 
where the number of selected requests con-esponds to 
the number of access paths 1 (1 36) to the shared mem- 
20 ory units 114. 

[0078] Here, the important thing is that the number 
of access paths 1 (1 36) from one selector unit 1 13 to the 
shared memory units 1 1 4 is smaller than the number of 
access paths 0 (135) from the channel interface units 
25 111 and disk interface units 112 to one selector unit 
1 1 3, and that the number of selector units 1 1 3 is smaller 
than the total number of channel Interface units and disk 
interface units 1 12. This reduces the number of access 
paths to each shared memory unit 1 14, which means a 
30 decrease in the number of cables used, leading to cost 
reduction and higher implementation efficiency. In addi- 
tion, the problem of LSI pin necks and package connec- 
tor necks in the shared memory units can be resolved. 
[0079] The number of channel interface units and 
35 disk interface units in a selector group 150 depends on 
the management unit for maintenance (the number of 
interface units subjected to each maintenance service), 
and other factors. One possibility is that the minimum 
disk array controller configuration corresponds to one 
40 selector group 150. 

[0080] Fig.6 illustrates the configuration of the disk 
anay controller 1 in the rack-mounted form. 
[0081] The channel interface units 111, disk inter- 
face units 112, selector units 113 and shared memory 
45 units 1 14 as shown in Rg.7 are separately packaged in 
channel Interface packages 1 1 , disk interface packages 
12, selector packages 13 and shared memory pack- 
ages 14, respectively. One selector group 150 is 
mounted on one interface platter 2, and two shared 
50 memory packages 1 4 are mounted on a memory platter 
3 different from the interface platters 2. The interface 
platters 2 and memory platter 3 are connected by 
cables 1 (4-2). The cables are cables for access paths 1 
(136) as shown in Fig.7. 
55 [0082] Although the selector units 113 are pack- 
aged in selector packages 13 in this example, as shown 
in Fig.8 they may be mounted on the reverse of the 
package bearing surface of the interface platters 2 with- 
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out packaging them in packages (the figure shows the 
backside). This causes no problem in implementing this 
embodiment and can reduce the required width of each 
interface platter by the amount equivalent to the width of 
the selector package 13, permitting the rack for the disk 
array controller 1 to be more compact. 
[0083] This configuration not only produces the 
same effects as those of embodiment 1 but also a fur- 
ther effect: The use of selector units 113 reduces the 
number of access paths to the shared memory units 
1 14, which means a decrease in the number of cables 
used, leading to cost reduction and higher implementa- 
tion efficiency. In addition, the problem of LSI pin necks 
or package connector necks in shared memory units 
can be resolved. 

[0084] Variations of this embodiment are introduced 
next. 

[0085] Fig.37 shows a dual cache memory system 
consisting of two shared memory units 114 connected 
via access path 2 (139) as in embodiment 2. Fig.38 
shows the disk array controller 1 in Fig.37 in the rack- 
mounted form. The two shared memory units 114 
shown, in Fig.37 are separately packaged in shared 
memory packages 14 and the two shared memory 
packages 14 are mounted on different memory platters 
3. The two memory platters 3 are interconnected by 
cable 2 (4-9), one interface platter 2 and the two mem- 
ory platters 3 are connected by cable 1 (4-2). The cable 
2 is a cable for the access path 2 (139) shown in Fig.37. 
[0086] This configuration produces the same 
effects as those of embodiment 2. In this embodiment, 
the shared memory units 1 14 are interconnected via the 
access path 2 (139) to make a dual system; however, 
instead, the same dual system effect can be obtained by 
writing the same data in both the two shared memory 
units 114 from the channel interface units 111, disk 
interface units 1 12 or selector units 1 13. In this case, it 
is unnecessary to interconnect the shared memory 
units 1 14 via the access path 2 (139). However, if they 
are interconnected via the access path 2 (139), the data 
in the two shared memory units 114 can be directly 
cross-checked for confirmation or a similar purpose, 
resulting in improved reliability. 

[0087] Again, in this case, as shown in Fig.40, the 
selector units 1 13 may be mounted on the reverse of the 
package bearing surface of the interface platters 2 (the 
figure shows the backside). 

[0088] A dual shared memory system can be real- 
ized by arranging two shared memory units 114 as 
shown in Fig.47. Concretely two shared memory units 
114 are separately packaged in shared memory pack- 
age and the two packages are mounted on two areas of 
a memory platter 3 divided by a power supply boundary 
300 as in embodiment 3. 

[0089] This configuration produces the same 
effects as those of embodiment 3. 
[0090] Again, in this case, as shown in Fig.49. the 
selector units 1 13 may be mounted on the reverse of the 



package bearing surface of the interface platters 2 (the 
figure shows the backside of the platters). 
[0091] Fig. 23 shows a variation of this embodiment 
in which cache memory units 1 15 for storing data to be 
5 recorded in magnetic disk drives 1 20, and shared mem- 
ory units 114 storing control data for the cache memory 
units 115 and disk array controller 1 are physteally 
divided, selectors (CM selector units 123) connected to 
the cache memory units 115 and selectors (SM selector 
10 units 113) connected to the shared memory units 114 
are physically independent of each other and access 
paths aO (131) and access paths a1 (132) to the shared 
memory units 114. and access paths bO (133) and 
access paths b1 (134) to the cache memory units 115 
15 are independent of each other. 

[0092] Fig.24 illustrates the configuration of the disk 
array controller 1 in Fig. 23 in the rack-mounted form. 
Here, the SM selector units 1 13 and CM selector units 
123 are separately packaged in SM selector packages 
20 13 and CM selector packages 23, respectively. The 
cache memory units 115 and shared memory units 1 14 
are separately packaged in cache memory unit pack- 
ages 15 and shared memory packages 14. respectively, 
which are mounted on a memory platter 3. As shown in 
25 Fig.24, in place of the cable 1 (4-2) which connects 
each interface platter 2 and the memory platter 3 in Fig. 
6, cable a1 (4-7) for access path a1 (132) to the shared 
memory units 1 14 and cable b1 (4-8) for access path b1 
(134) to the cache memory units 1 15 are used. 
30 [0093] Since in this configuration, the access paths 
from the channel interface packages 1 1 and disk inter- 
face packages 1 2 to the cache memory packages 1 5 or 
shared memory packages 14 are physically independ- 
ent, it is possible to distinguish between faults related to 
35 access to the cache memory units 115 (faults in the 
cache memory units 115, or the CM selector units 123, 
access paths bO (133), access paths b1 or others for 
access to them) and faults related to access to the 
shared memory units 114 (faults in the shared memory 
40 units 1 14 or the SM selector units 1 1 3, access paths aO 
(131), access paths a1 (132) or others for access to 
them) so that defective parts can be independently 
repaired without affecting other parts. 
[0094] Again, in this case, as shown in Fig.26, the 
45 SM selector units 113 and CM selector units 123 may 
be mounted on the reverse of the package bearing sur- 
face of the interface platters 2 (the figure shows the 
backside of the platters). 

[0095] Fig.59 shows a variation of this embodiment 
50 in which two shared memory units 114 are intercon- 
nected via access path a2 (1 40) and two cache memory 
units 1 1 5 are interconnected via access path b2 (1 41 ) to 
make a dual system. 

[0096] Fig.60 illustrates the configuration of the disk 
55 an^y controller 1 in Fig.59 in the rack-mounted form. As 
shown in Fig.59, like embodiment 5, two shared mem- 
ory units 1 1 4 and two cache memory units 1 1 5 are sep- 
arately packaged in shared memory packages 14 and 
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cache memory packages 15, respectively, and one 
shared memory package 14 and one cache memory 
package 15 are mounted on one memory platter 3, with 
the two memory platters 3 being interconnected by 
cable a2 (4-10) and cable b2 (4-11). One interface plat- 
ter 2 is connected to the two memory platters 3 by cable 
a1 (4-7) and cable b1 (4-8). The cable a2 (4-10) and 
cable b2 (4-11) are cables for the access path a2 (140) 
and access path b2 (141) shown in Fig.69, respectively 
[0097] This configuration produces the same 
effects as those of embodiment 5. 
[0098] As shown in Figs. 59 and 60, the shared 
memory units 114 are interconnected via access path 
a2 (140) and the cache memory units 115 intercon- 
nected via access path b2 (1 41 ) to make a dual system; 
however, instead, the same dual system effect can be 
obtained by writing the same data in both the two 
shared memory units 1 14 or both the two cache mem- 
ory units 1 15 from the channel interface units 111, disk 
interface units 1 12. SM selector units 1 13 or CM selec- 
tor units 123. In this case, it Is unnecessary to intercon- 
nect the shared memory units 1 14 via access path a2 
(1 40) or the cache memory units 1 5 via access path b2. 
However, if they are Interconnected via access path a2 
(140) or access path b2 (141), the data in the two 
shared memory units 114 or the two cache memory 
units 115 can be directly cross-checked for confirmation 
or a similar purpose, resulting in improved reliability. 
[0099] Again, in this case, as shown in Rg.62, the 
SM selector units 113 and the CM selector units 123 
may be mounted on the reverse of the package bearing 
surface of the interface platters 2 (the figure shows the 
backside of the platters). 

[0100] Rg.69 is a variation of this embodiment in 
which two shared memory units 114 and two cache 
memory units 1 15 are mounted in the same way as in 
embodiment 6. In other words, they are separately 
packaged in shared memory packages 14 and cache 
memory packages 15, respectively, which are mounted 
on one memory platter 3 which is divided into two areas 
by a power supply boundary 300. 
[0101] This configuration produces the same 
effects as those of embodiment 6. 
[0102] Again, in this case, as shown in Rg.71, the 
SWI selector units 1 13 and CM selector units 123 may 
be mounted on the reverse of the package bearing sur- 
face of the interface platters 2 (the figure shows the 
backside of the platters). 

[Embodiment 12] 

[0103] ngs.9 and 10 show another embodiment of 
this invention. 

[0104] Fig.10 shows the configuration of a disk 
array controller according to this invention. The disk 
array controller 1 has channel interface units 111, disk 
interface units 112, selector units 1 13. shared memory 
units 114, access paths 0 (135) and access paths 1 
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(136). It is basically the same in structure as in embodi- 
ment 11. 

[0105] The difference is as follows. In this embodi- 
ment, each of the channel interface units 1 1 1 and disk 

5 interface units 112 has two access paths 0 (135), and 
one of the paths is connected to the selector unit 1 1 3 in 
the selector group 150 it belongs to, and the other path 
connected to the selector unit 113 in the other selector 
group 150. Therefore, there are two routes for access to 

10 the shared memory units 1 1 4 from each of the channel 
interface units 111 or disk interface units 112. Usually 
the two access routes are used to share the load in a 
balanced way so that if one access route becomes inef- 
fective due to a fault or other reason, the other access 

15 route can be used to operate the system uninterrupt- 
edly. A pair of selector groups which each have access 
paths to the selector in the other group In this way is 
hereinafter called a redundant system 155. 
[0106] One selector unit 113 has a total of eight 

20 access paths 0 (135) on the basis of one path per unit: 
paths from the two channel interface units 1 1 1 and two 
disk interface units 112 within the group It belongs, as 
well as paths from the two channel interface units 1 1 1 
and two disk interface units 112 within the other group. 

25 Also each selector unit 113 has a total of four access 
paths 1 (136) to the two shared memory units, where 
each shared memory unit has two access paths. Due to 
the above-mentioned availability of access paths, each 
selector unit 1 1 3 selects four of the eight requests trans- 

30 mitted via the eight access paths 0 (1 35) from the chan- 
nel interface units 111 and disk interface units 112, 
where the number of selected requests corresponds to 
the number of access paths 1 (136) to the shared mem- 
ory units 1 14. In this embodiment, the disk array control- 

35 ler 1 has one redundant system 155 and two shared 
memory units. 

[0107] Here, the important thing is that the number 
of access paths 1 (1 36) from one selector unit 1 1 3 to the 
shared memory units 1 14 is smaller than the number of 

40 access patiis 0 (135) from the channel interface units 
111 and disk interface units 112 to one selector unit 
1 1 3, and that the number of selector units 1 1 3 is smaller 
than the total number of channel interface units 111 and 
disk Interface units 112. This reduces the number of 

45 access paths to each shared memory unit 114, which 
means a decrease in the number of cables used, lead- 
ing to cost reduction. In addition, the problem of LSI pin 
necks or package connector necks in shared memory 
units can be resolved. 

50 [0108] The number of channel interface units and 
the number of disk interface units within a selector 
group 1 50 depends on the management unit for mainte- 
nance (the number of interface units subjected to each 
maintenance service), and other factors. One possibility 

55 is that, on the assumption that the minimum disk array 
controller configuration constitutes one redundant sys- 
tem 1 55, a plurality of such redundant systems are pro- 
vided. 
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[0109] Flg.9 illustrates the configuration of the disk 
array controller 1 in the rack-mounted form. The chan- 
nel interface units 111, disk interface units 112, selector 
units 113 and shared memory units 114 as shown in 
Fig.lO are separately packaged in channel interface 
packages 1 1 , disk interface packages 1 2, selector pack- 
ages 13 and shared memory packages 14, respectively. 
One selector group 150, which consists of one selector 
package 13 and channel interface packages 11 and 
disk interface packages 12 connected with it. is 
mounted on one interface platter 2 and the two shared 
mennory packages 14 are mour ited on a memory platter 
3 different from the interface platters 2. Each interface 
platter 2 and the memory platter 3 are connected by 
cable 1 (4-2). This cable is a cable for the access path 1 
(136) which connects a selector unit 113 and a shared 
memory unit 1 14 as shown in Fig.1 0. The two interface 
platters which constitute a redundant system are inter- 
connected by cable 0 (4-1 ). This cable is a cable for the 
access paths 0 (135) which connect the channel inter- 
face units 111 and disk interface units 112 within one 
selector group 150 and the selector unit 113 within the 
other selector group. 

[0110] Here, when two cables 0 (4-1) are used 
instead of one and one of them is used for access path 
0 (135) to connect the interface units within one selector 
group 150 with the selector unit 113 within the other 
group 150, and the other cable is used for access path 
0 (135) to connect the selector unit 113 within the 
former selector group 150 with the interface units within 
the latter selector group 150, even if one of the access 
paths 0 (135) fails, the cable 0 (4-1) concerned can be 
replaced without affecting the other access path 0 
(135). 

[0111] Although the selector units 113 are pack- 
aged in selector packages in this example, they may 
also be directly mounted on the reverse of the package 
bearing surface of the interface platters 2, as shown in 
Fig.8, without packaging them in packages (the figure 
shows the back side of the platters). 
[0112] When, as mentioned above, the access 
paths of each interface package are connected not only 
with the selector package 13 on the same interface plat- 
ter 2 on which it is mounted, but also with the selector 
package 13 on the other interface platter 2 in the same 
redundant system, even if the selector package 1 3 on 
one of the interface platters 2 fails, the interface pack- 
ages mounted on the same interface platter 2 bearing 
the defective selector package 13 can access the 
shared memory units 1 14 through the selector unit 113 
on the other interface platter 2 and thus the defective 
selector package 1 13 can be replaced without stopping 
the interface units in the selector group 1 50 to which the 
defective selector unit 113 belongs. This reduces the 
number of system components which should be 
stopped in case of faults. 

[01 1 3] Variations of this embodiment are introduced 
below. 



[0114] In these variations, the selector units 1,13 
may be mour::ed on the reverse of the package bearing 
surface of the interface platters 2 (the figures concerned 
show the backside of the platters). 
5 [0115] Fig.42 illustrates a variation of this embodi- 
ment in which the two shared memory units 114 are 
interconnected via access path 2 (139) to make a dual 
system as In embodiment 2. 

[01 16] Fig.43 illustrates the configuration of the disk 
10 array controller 1 in Fig.42 In the rack-mounted form. 
Two shared memory units 1 14 are separately packaged 
in shared memory packages 14, which are mounted on 
different memory platters 3. The memory platters 3 are 
interconnected by cable 2 (4-9) and one interface platter 
15 2 and the two memory platters 3 are connected by cable 

1 (4-2). The cable 2 (4-9) is a cable for the access path 

2 (139) as shown in Fig.42. 

[0117] This produces the same effects as those of 
embodiment 2. 

20 [0118] In this variation, the shared memory units 
114 are interconnected via access paths 2 (139) to 
make a dual system; however, instead, the same dual 
system effect can be obtained by writing the same data 
in both the two shared memory units 1 1 4 from the chan- 

25 nel interface units 111, disk interface units 1 12 or selec- 
tor units 113. In this case, it is unnecessary- to 
interconnect the shared memory units 114 via access 
path 2 (139). However, if they are interconnected via 
access path 2 (1 39). the data in the two shared memory 

30 units 1 14 can be directly cross-checked for confirmation 
or a similar purpose, resulting in improved reliability. 
[0119] Fig.51 shows another variation in which two 
shared memory units 114 make up a dual system. Like 
embodiment 3, two shared memory units 1 14 are sepa- 

35 rately packaged in shared memory packages 14, which 
are mounted on two areas of one memory platter 3 
divided by a power supply boundary 300. 
[0120] This produces the same effects as those of 
embodiment 3. 

40 [0121] Fig.28 illustrates a variation of this embodi- 
ment in which cache memory units 1 15 for storing data 
to be recorded in magnetic disk drives 120, and shared 
memory units 1 14 for storing control data for the cache 
memory units 115 and the disk array controller 1 are 

45 physically independent of each other, selectors (CM 
selector units 123) connected to the cache memory 
units 115 and selectors (SM selector units 113) con- 
nected to the shared memory units 114 are physically 
independent of each other, and access paths aO (131) 

50 and access paths a1 (132) to the shared memory units 
114, and access paths bO (133) and access paths b1 
(134) to the cache memory units 115 are independent 
of each other. 

[01 22] Fig.29 illustrates the configuration of the disk 
55 array controller 1 in Fig. 28 in the rack-mounted form. 
Here, the SM selector units 1 13 and CM selector units 
123 are separately packaged in SM selector packages 
13 and CM selector packages 23. respectively The 



13 



25 



EP 1 094 386 A1 



26 



cache memory units 115 and shared memory units 1 14 
are separately packaged in cache memory unit pacl<- 
ages 15 and shared memory paclcages 14, respectively 
which are mounted on a memory platter 3. In place of 
the cable 1 (4-2) which connects each interface platter 2 
and the memory platter 3 In Fig.9, cable a1 (4-7) for 
access path a1 (132) to the shared memory units 114 
and cable b1 (4-8) for access path b1 (1 34) to the cache 
memory units 1 15 are used as shown in Fig.29. Also, in 
place of the cable 0 (4-1) which interconnects the inter- 
face platters 2, cable aO (4-5) for access path aO (131) 
to the shared memory units 1 14 and cable bO (4-6) for 
access path bO (133) to the cache memory units 115 
are used. 

[0123] Since in this configuration, the access paths 
from the channel interface packages 11 and disk inter- 
face packages 12 to the cache memory packages 15 or 
shared memory packages 14 are physically independ- 
ent, it is possible to distinguish between faults related to 
access to the cache memory units 115 (faults in the 
cache memory units 1 15, or the CM selector units 123, 
access paths bO (133), access paths b1 (134) or others 
for access. to them) and faults related to access to the 
shared memory units 1 14 (faults in the shared memory 
units 114 or the SM selector units 1 13, access paths aO 
(131), access paths a1 (132) or others for access to 
them) so that defective parts can be independently 
repaired without affecting other parts. 
[0124] Fig.64 shows a variation of this embodiment 
in which two shared memory units 114 are intercon- 
nected via access path a2 (1 40) and two cache memory 
units 1 1 5 are interconnected via access path b2 (1 41) to 
make a dual system as in embodiment 5. Fig.65 illus- 
trates the configuration of the disk array controller 1 in 
Fig.64 in the rack-mounted fomn. As shown in Rg.65, 
two shared memory units 1 14 and two cache memory 
units 115 are separately packaged in shared memory 
packages 14 and cache memory packages 15, respec- 
tively, and one shared memory package 14 and one 
cache memory package 15 are mounted on one mem- 
ory platter 3, with the two memory platters 3 being con- 
nected by cable a2 (4-10) and cable b2 (4-11).The 
interface platters 2 and memory platters 3 are con- 
nected by cables a1 (4-7) and cables b1 (4-8). The 
cable a2 (4-10) and cable b2 (4-11) are cables for 
access path a2 (140) and access path b2 (141), respec- 
tively. 

[0125] This produces the same effects as those of 
embodiment 5. 

[0126] In this variation, the shared memory units 
114 are interconnected via access path a2 (140) and 
the cache memory units 115 are interconnected via 
access path b2 (141) to make a dual system; however, 
instead, the same dual system effect can be obtained by 
writing the same data in both the two shared memory 
units 114 or both the two cache memory units 115 from 
the channel interface units 111, disk interface units 1 1 2 
or SM selector units 113 or CM selector units 123. In 



this case, it is unnecessary to interconnect the shared 
memory units 114 or the cache memory units 115 via 
access path a2 (140) or access path b2 (141). However, 
if they are interconnected via access path a2 (140) or 
5 access path b2 (141), the data in the two shared mem- 
ory units 114 or the two cache memory units 1 15 can be 
directly cross-checked for confirmation or a similar pur- 
pose, resulting in improved reliability. 
[0127] Fig. 73 shows a variation of this embodiment 
10 in which two shared memory units 1 14 and two cache 
memory units 115 are separately packaged in shared 
memory packages 14 and cache memory packages 15, 
respectively, which are mounted on one memory platter 
3 which is divided into two areas by a power supply 
15 boundary 300 as in embodiment 6. 

[0128] This produces the same effects as those of 
embodiment 6. 



[Embodiment 1 3] 



20 



[0129] Fig. 11 shows another embodiment of this 
invention. 

[0130] Fig. 11 illustrates one implementation of the 
disk array controller 1 shown in Fig.4 for embodiment 1 

25 in the rack-mounted form. The channel interface units 
111, disk interface units 1 12 and shared memory units 
1 14 as shown in Fig.4 are separately packaged in chan- 
nel interface packages 11. disk interface packages 12, 
and shared memory packages 14, respectively Two 

30 channel interface packages 1 1 , two disk interface pack- 
ages 12 and one shared memory package 14, which 
constitute a group called a cluster (165, 166), are 
mounted on one interface platter 2. 
[0131] Therefore, the configuration of this embodi- 

35 ment differs from that of embodiment 1 in Fig. 1 in that a 
shared memory package 14 is mounted on an interface 
platter 2 together with channel interface packages 1 1 
and disk interface packages 12. 

[0132] This embodiment has two clusters, cluster 0 

40 (165) and cluster 1 (166). However, the numbers of 
clusters, and the number of channel Interface units, disk 
interface units and shared memory units 113 in one 
cluster are not limited as above. These numbers 
depend on the minimum or maximum system configura- 

45 tion of the disk array controller, and the minimum unit of 
system expansion. In other words, they depend on per- 
formance, cost, scalability and other requirements. One 
possibility is that one cluster is made up of a minimum 
disk an^y controller configuration. 

50 [0133] In adding an interface platter 2, the new 
interface platter 2 and the existing interface platters 2 
are connected by two cables 4. These cables 4 are 
cables for the access paths 0 (135) (shown in Fig.4) 
which connect the channel interface units 111 or disk 

55 interface units 112 within one cluster, with the shared 
memory unit 1 14 within the other cluster. 
[01 34] Although each of the two clusters contains a 
shared memory package 14 in this example, it is also 
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acceptable that one cluster contains all the shared 
memory packages 14 used in the disk array controller 1 
while the other cluster has no shared memory package 
14. This can reduce the number of cluster interconnec- 
tion cables 4 shown in Fig.i 1 to one, which leads to cost 
reduction. 

[0135] The disk an^y controller in this embodiment 
uses a smaller number of cables than that in embodi- 
ment 1 , leading to cost reduction and higher implemen- 
tation efficiency. 

[0136] Figs. 33, 46, 19. 55 and 68 illustrate varia- 
tions of this embodiment. These show other configura- 
tions of the disk array controller detailed in the 
description of embodiments 2 to 6. They are different 
from the configuration of the disk array controller in 
embodiments 2 to 6 simply in that a shared memory 
package 14 is mounted on an interface platter 2 
together with channel interface packages 1 1 and disk 
interface packages 12. They will be briefly outlined 
below. Needless to say. they produce the same effects 
as those of embodiments 2 to 6. 

[0137] Fig.33 shows one implementation of the disk 
an-ay controller 1 shown in Rg. 31 for embodiment 2. 
The configuration in Rg.33 differs from that in Fig.32 for 
embodiment 2 in that one cluster contains one shared 
memory package 14. 

[0138] Fig.46 shows a variation of the configuration 
shown in Rg.45 for embodiments. Two pairs of shared 
memory packages 14 are mounted on different interface 
platters 2. Each of the interface platters is divided by a 
power supply boundary 300 into two areas, to which 
power is separately supplied from two power supplies. 
Each shared memory package 14 in one pair is 
mounted in one of the areas to which power is supplied 
from different power supplies. 

[0139] Fig. 19 illustrates one implementation of the 
disk an^y controller 1 shown in Rg.17 for embodiment 

4. Fig.i 9 is different from Fig.18 for embodiment 4 only 
in that a cluster contains one shared memory package 
14 and one cache memory package 1 5. 

[0140] Fig.55 illustrates one implementation of the 
disk array controller 1 shown in Rg.53 for embodiment 

5. Fig.55 is different from Fig.54 for embodiment 5 only 
in that a cluster contains one shared memory package 
14 and one cache memory package 1 5. 

[0141] Fig.68 shows a variation of the implementa- 
tion shown in Fig.67 for embodiment 6. Each of the 
interface platters is divided by a power supply boundary 
300 into two areas, to which power is separately sup- 
plied from two power supplies. One shared memory 
package 14 and one cache memory package 15 are 
mounted in one of these areas energized by different 
power supplies. 

[Embodiment 14] 

[0142] Fig.i 2 shows another embodiment of this 
invention. 



[0143] Fig. 12 shows the configuration of another 
disk array controller according to this invention. The disk 
array controller 1 has the following: channel interface 
units 111; disk interface units 1 1 2; shared memory units 

5 114; two shared buses 0 (31) which connect them; 
shared bus interconnect controllers 140 for connection 
of the shared buses 0 (31) from different clusters; and 
access paths 0 (1 35). The relationship among the chan- 
nel interface units 111, disk interface units 112 and 

10 shared memory units 1 1 4 is the same as in embodiment 
7. 

[0144] In this embodiment, two channel interface 
units 111, two disk interface units 112, one shared 
memory unit 114, two shared buses 0 (31) and two 
15 shared bus interconnect controllers 140 constitute one 
group, which is here called a cluster. In this embodi- 
ment, the disk array controllers has two clusters (165, 
166). 

[01 45] The shared bus interconnect controllers 1 40 
20 work as follows to connect shared buses from different 

clusters. 

[0146] For access from a channel interface unit 111 
or disk interface unit 112 within one cluster to the 
shared memory 1 14 in the other cluster, the SM access 

25 circuit (not shown here) inside the channel interface unit 
1 1 1 or disk interface unit 1 1 2 obtains the right to use the 
shared buses 0 (31) and then accesses a shared bus 
interconnect controller 140 connected with the shared 
buses 0 (31) to issue a request for access to the shared 

30 memory unit 114 within the other cluster. That shared 
bus interconnect controller 140 sends the access 
request to a shared bus interconnect controller 1 40 con- 
nected with the shared buses 0 (31) within the other 
cluster. After obtainment of the right to use the shared 

35 buses 0 (31), the shared bus interconnect controller 
connected with the shared buses 0 (31) within the other 
cluster sends the access request to the shared memory 
unit. 

[0147] For connection of the clusters, the shared 
40 memory units 114 may be interconnected via access 
paths 0 (135) as shown in Fig.i 3. The disk array control- 
ler 1 operates as each of the channel interface units 111 
and disk interface units 112 accesses the shared mem- 
ory units; so, by interconnecting the shared memory 
45 units 114 as mentioned above, the channel interface 
units 1 1 1 and disk interface units 112 can each access 
the shared memory units 1 14. 

[0148] Needless to say, the number of clusters is 
not limited as above. 

50 [0149] One shared bus 0 (31 ) may be used instead 
of two. However, the use of two shared buses makes the 
access paths to the shared memory units 114 redun- 
dant, resulting in improved trouble resistance. 
[0150] Fig. 11 shows the configuration of the disk 

55 array controller 1 in Fig. 12 or 13 in the rack-mounted 
form. The channel interface units 111, disk interface 
units 112 and shared memory units 114 as shown in 
Fig.i 2 or 13 are separately packaged in channel inter- 
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face packages 11, disk interface packages 12 and 
shared memory packages 14, respectively. Channel 
interface packages 11, disk interface packages 12 and 
a shared memory package 14. all of which constitute 
one cluster, are mounted on one interface platter 2. 
Shared buses 0 (31 ) are wired on the interface platter 2 
and shared bus interconnect controllers 140 are directly 
mounted thereon (these are not shown in the figure). In 
the configuration in Fig.13, the shared buses are wired 
on the interface platter 2 but the shared bus intercon- 
nect controllers 140 are not mount-sd thereon. 
[0151] In adding an interface platter 2, the new 
interface platter 2 and the existing interface platters 2 
are connected by two cables 4. in case of the disk an-ay 
controller 1 in Fig.1 2, these cables correspond to cables 
for the access paths 0 (1 35) which connect shared bus 
interconnect controllers 140 within one cluster, with 
those within the other cluster, while, in case of the disk 
array controller 1 in Fig.13, they are cables for the 
access paths 0 (1 35) which connect the shared memory 
unit 1 1 4 within one cluster with that in the other duster. 
[0152] This configuration not only produces the 
same effects as those of embodiment 7 but also a fur- 
ther effect: Since each cluster contains a shared mem- 
ory unit 114, this disk an^y controller is less scalable 
than that in embodiment 7 but the number of cables 
used can be decreased, leading to cost reduction and 
higher implementation efficiency 
[01 53] Variations of this embodiment are introduced 
below. 

[0154] Fig.35 shows a variation of this embodiment 
in which, in the disk array controller 1 in Fig.1 2, two 
shared memory units 114 are interconnected via 
access path 2 (139) to make a dual system as in 
embodiment 2. Fig.33 illustrates the configuration of the 
disk array controller 1 in Fig.35 in the rack-mounted 
form. Two shared memory units 114 are separately 
packaged in shared memory packages 14, which are 
mounted on different interface platters 2. The interface 
platters 2 are interconnected by cable 2 (4-9). The cable 
2 (4-9) is a cable for access path 2 (139). In case of the 
disk array controller 1 in Fig.13, the same dual system 
effect can be obtained by connecting the shared mem- 
ory unit 1 14 within one cluster with that within the other 
cluster via access path 2 (139) as shown in Fig.36. 
[0155] It is also possible that one access path 
serves as both access path 0 (135) for access from a 
channel interface unit 111 or disk interface unit 112 
within one cluster to the shared memory unit 1 1 4 within 
the other cluster, and the access path 2 (139) to make a 
dual system. It must be noted that the throughput of 
such an access path should be higher than the sum of 
the throughput of the access paths 0 (135) and that of 
the access path 2 (139); othenwise. the overall through- 
put of the disk an-ay controller 1 would deteriorate. 
[0156] This produces the same effects as those of 
embodiment 2. 

[0157] Another possible approach to making a dual 



system is that one cluster contains two interconnected 
shared memory units 114 instead of interconnecting 
two shared memory units 1 14 of different clusters. 
[0158] Fig.46 shows a variation in which a shared 
5 memory unit 1 14 is added to one cluster and the two 
shared memory units 114 in the cluster are separately 
packaged in shared memory packages 14, which are 
mounted on the two areas of the interface platter 2 
divided by a power supply boundary 300 as in embodi- 
10 ment 3. 

[0159] This produces the same effects as those of 

embodiment 3. 

[0160] Fig.21 shows a variation of the disk array 
controller 1 in Fig.1 2 in which the cache memory units 
15 115 for storing data to be recorded in magnetic disk 
drives 120 and the shared memory units 1 14 for storing 
control data for the cache memory units 115 and disk 
an^y controller 1 are physically independent as in 
embodiment 4. Here, the shared buses 0 (31) shown in 
20 Fig. 12 are divided into shared buses bO (35) for trans- 
mitting data from the magnetic disk drives 120 and 
shared buses aO (33) for transmitting control data for the 
cache memory units 1 1 5 and disk an^y controller 1 , and 
the channel interface units 1 11 and disk interface units 
25 112 are connected to both the shared buses aO (33) and 
shared buses bO (35). Further, the cache memory units 
115 and shared memory units 1 14 are connected to the 
shared buses bO (35) for transmitting data from the 
magnetic disk drives 120 and shared buses aO (33) for 
30 transmitting control data for the disk array controller 1. 
respectively Connections are made between the 
shared buses aO (33) of the different clusters and 
between the shared buses bO (35) of the different clus- 
ters through shared bus interconnect controllers 140, 
35 via access paths a (137) and access paths b (138), 
respectively. As a variation of the disk array controller 1 
in Fig.13, as shown in Fig.22, connections are made 
between the shared memory units 114 of the different 
clusters and between the cache memory units 115 of 
40 the different clusters via access paths a (137) and 
access paths b (138), respectively. 
[0161] Fig. 19 shows the configuration of the disk 
array controller 1 in Fig.21 or Fig.22 in the rack-mounted 
form. The cache memory units 115 and shared memory 
45 units 114 are separately packaged in cache memory 
packages 15 and shared memory packages 14. respec- 
tively, which are mounted on an interface platter 2. The 
cables 4 shown in Fig.1 1 which interconnect interface 
platters 2 are divided into cables a (4-3) for access 
so paths a (137) for connection between shared buses aO 
(33) and cables b (4-4) for access paths b (1 38) for con- 
nection between shared buses bO (35) as shown in 
Fig. 19. 

[0162] This produces the same effects as those of 
55 embodiment 4, 

[0163] Fig.57 shows a variation of the disk anay 
controller 1 in Fig. 12 in which the two shared memory 
units 114 are interconnected via access path a2 (140) 
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and the two cache memory units 115 are intercon- 
nected via access path b2 (141 ) as in embodiment 5. As 
a variation of the disk array controller 1 in Fig.1 3, access 
path a2 (140) and access path b2 (141) for a dual sys- 
tem should be provided as shown in Fig.58. It is also 
possible that one access path serves as both access 
path aO (131) for access from a channel interface unit 
1 1 1 or disk interface unit 112 within one cluster to the 
shared memory unit 114 within the other cluster, and 
the access path a2 (140) to make a dual system. It is 
also possible that one access path serves as both 
access path bO (133) for access from a channel inter- 
face unit 1 1 1 or disk interface unit 1 12 within one cluster 
to the cache memory unit 115 within the other cluster, 
and the access path b2 (141) to make a dual system. In 
that case, it must be noted that the throughput of such 
an access path for the shared memory units should be 
higher than the sum of the throughput of the access 
path aO (131) and that of the access path a2 (140), and 
the throughput of such an access path for the cache 
memory units should be higher than the sum of the 
throughput of the access path bO (133) and that of the 
access path b2 (141); othenwise, the overall throughput 
of the disk array controller 1 would deteriorate. 
[0164] Fig. 55 shows the configuration of the disk 
array controller 1 in Fig.57 or Fig.58 in the rack-mounted 
form. The shared memory units 1 14 and cache memory 
units 115 are separately packaged in shared memory 
packages 14 and cache memory packages 15, respec- 
tively, which are mounted on different interface platters 
2, with the interface platters 2 being interconnected by 
cable a2 (4-1 0) and cable b2 (4-1 1 ). The cable a2 (4-1 0) 
is a cable for the access path a2 (1 40) and the cable b2 
(4-11) is a cable for the access path b2 (141). 
[0165] This produces the same effects as those of 
embodiment 5. 

[0166] Another possible approach to making a dual 
system is that one cluster contains two interconnected 
shared memory units 114 and two interconnected 
cache memory units 115 instead of interconnecting two 
shared memory units 114 and two cache memory units 
1 15 of different clusters as in Figs.57 and 58. 
[0167] Fig. 68 shows a variation which uses two 
pairs of interconnected shared memory packages 14 
and two pairs of interconnected cache memory pack- 
ages 15, where one shared memory package and one 
cache memory package are mounted on each of the 
two areas of the interface platter 2 divided by a power 
supply boundary 300 as in embodiment 6. 
[0168] This produces the same effects as those of 
embodiment 6. 

[Embodiment 15] 

[0169] Fig.1 4 shows another embodiment of this 
invention. 

[0170] Fig.1 4 shows one configuration of the disk 
array controller 1 shown in Fig. 7 for embodiment 11 in 



the rack-mounted forni. A selector group 1 50, which 
consiists of one selector package 13, and channel inter- 
face packages 1 1 and disk interface packages 12 which 
are connected with it, and one shared memory package 

5 14 are mounted on one interface platter 2. All these on 
the platter constitute one cluster as defined earlier.- 
[0171] In adding an interface platter 2, the new 
interface platter 2 and the existing interface platters 2 
are connected by two cables 1 (4-2). These cables 1 (4- 

10 2) are cables for the access paths 1 (136) which con- 
nect the selector unit 113 within one cluster, with the 
shared memory unit 114 within the other cluster. In 
short, the configuration of this embodiment is different 
from the configuration of embodiment 1 1 shown in Fig.6 

15 in that each shared memory package is mounted on an 
interface platter 2. 

[0172] Although the selector units 113 are mounted 
in selector packages 13 in this example, they may be 
directly mounted on the r-^erse of the package bearing 

20 surface of the interface platters 2 without packaging 
them in packages as shown in Fig. 15 (the figure shows 
the backside of the platters). This reduces the required 
width of each interface platter 2 by the amount equiva- 
lent to the width of the selector package 13, permitting 

25 the rack for the disk array controller 1 to be more com- 
pact. 

[0173] Although each of the two clusters contains a 
shared memory package 14 in this example, it is also 
acceptable that one cluster contains all the shared 

30 memory packages 14 used in the disk array controller 1 
while the other cluster has no shared memory package 
14. This can decrease the number of cluster intercon- 
nection cables 1 (4-2) shown in Fig.1 4 to one. which 
leads to cost reduction. 

35 [0174] This configuration not only produces the 
same effects as those of embodiment 1 1 but also a fur- 
ther effect: Since each cluster contains a shared mem- 
ory unit 1 14, this disk array controller is less scalable 
than that of embodiment 1 1 but the number of cables 

40 used can be decreased, leading to cost reduction and 
higher implementation efficiency. 

[01 75] Variations of this embodiment are introduced 
below. These variations are different from the variations 
of embodiment 11 only in that shared memory pack- 
45 ages 14 are mounted on interface platters 2; they are 
briefly outlined next. 

[0176] In these variations, it is also acceptable that 
the selector packages 1 13 are directly mounted on the 
reverse of the package bearing surface of the interface 

so platters 2, without packaging them in packages (the fig- 
ure shows the backside of the platters). 
[0177] Fig.39 illustrates a configuration in the rack- 
mounted form of the disk array controller 1 of embodi- 
ment 1 1 in Fig,37. In this variation, two shared memory 

55 units 114 are inten^onnected in the same way as in 
embodiment 2. 

[0178] This produces the same effects as those of 
embodiment 2. 
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[0179] In this variation, the shared memory units 
11 4 are interconnected via access path 2 (139) to make 
a dual system; however, instead, the same dual system 
effect can be obtained by writing the same data in both 
the shared memory units 1 14 from the channel interface 
units 111, disk interface units 11 2 or selector units 1 1 3. 
In this case, it is unnecessary to interconnect the 
shared memory units 1 14 via access path 2 (139). How- 
ever, if they are interconnected via access path 2 (139), 
the data in the two shared memory units 1 14 can be 
directly cross-checked for confinnation or a similar pur- 
pose, resulting in improved reliability. 
[0180] ng.48 shows a variation in which a shared 
memory unit 114 is added to one cluster and the two 
shared memory units 114 in the cluster are separately 
packaged in shared memory packages 14, which are 
mounted on the two areas of the interface platter 2 
divided by a power supply boundary 300 as in embodi- 
ment 3. 

[0181] This produces the same effects as those of 
embodiment 3. 

[0182] Although each of the two clusters contains 
shared memory packages 14 in this example, it is also 
acceptable that one cluster contains all the shared 
memory packages 14 used in the disk anray controller 1 
while the other cluster has no shared memory packages 
14. This can decrease the number of cluster intercon- 
nection cables 1 (4-2) in Fig.48 to one, which leads to 
cost reduction and higher implementation efficiency. 
[0183] Rg.23 shows a variation in which, as in 
embodiment 4. each shared memory unit 'i14 of the 
disk array controller 1 in Fig.7 is physically divided into 
a cache memory unit 1 1 5 for storing data to be recorded 
in magnetic disk drives 120, and a shared memory unit 

114 for storing control data for the cache memory unit 

115 and disk an^y controller 1. Selectors (CM selector 
units 123) connected to the cache memory units 115, 
and selectors (SM selector units 113) connected to the 
shared memory units 114 are physically independent, 
and access paths aO ( 1 31 ) and access paths a1 (1 32) to 
the shared memory units 114, and access paths bO 
(1 33) and access paths b1 (1 34) to the cache memory 
units 1 1 5, are independent of each other. 
[0184] This produces the same effects as those of 
embodiment 4. 

[0185] Although each of the two clusters contains a 
shared memory package 1 4 and a cache memory pack- 
age 15 in this example, it is also acceptable that one 
cluster contains all the shared memory packages 14 
and cache memory packages 15 used in the disk an^y 
controller 1 while the other cluster has no shared menri- 
ory package 14 nor cache memory package 15. This 
can decrease the number of cluster interconnection 
cables a1 (4-7) and the number of cables b1 (4-8) 
shown in Fig.25 to one, which leads to cost reduction. 
[0186] ng.59 shows a variation in which two shared 
memory units 114 are Interconnected via access path 
a2 (1 40) and two cache memory units 1 1 5 are intercon- 



nected via access path b2 (141) to make a dual system. 
[0187] Fig.61 shows the configuration of the disk 
an^y controller 1 in Fig.59 in the rack-mounted fomi. 
One shared memory package 14 and one cache mem- 
5 ory package 15 are mounted on an interface platter 2, 
with the interface platters 2 being Interconnected by 
cable a2 (4-10) and cable b2 (4-11). The cable a2 (4-10) 
is a cable for the access path a2 (140) and the cable b2 
(4-11) is a cable for the access path b2 (141). 
10 [0188] This produces the same effects as those of 
embodiments. 

[0189] In this variation, the shared memory units 

114 are interconnected via access path a2 (140) and 
the cache memory units 1 1 5 via access path b2 (1 41 ) to 

15 make a dual system; however, instead, the same dual 
system effect can be obtained by writing the same data 
in both the shared memory units 1 14 or both the cache 
memory units 1 1 5 from the channel interface units 111, 
disk interface units 1 12 or SM selector units 1 13 or CM 
20 selector units 123. In this case, it is unnecessary to 
interconnect the shared memory units 114 via access 
path a2 (1 40) or the cache memory units 1 1 5 via access 
path b2 (141). However, if they are interconnected via 
access path a2 (140) or b2 (141). the data in the two 
25 shared memory units 114 or two cache memory unit? 

1 15 can be directly cross-checked for confirmation or a 
similar purpose, resulting in improved reliability. 
[01 90] Fig.70 shows a variation in which two shared 
memory packages 1 4 and two cache memory packages 

30 15 are contained in one cluster instead of one memory 
package 1 4 and one cache memory package 1 5 in each 
of the clusters shown in Fig.59, where one set which 
consists of one shared memory package 14 and one 
cache memory package 15 is mounted on each of the 
35 two areas of the interface platter 2 divided by a power 
supply boundary 300. 

[0191] This produces the same effects as those of 
embodiment 6. 

[01 92] It is also acceptable that one cluster contains 
40 all the shared memory packages 1 4 and cache memory 
packages used In the disk an^y controller 1 while the 
other cluster has no shared memory package 14 nor 
cache memory package 15. This can decrease the 
number of cluster interconnection cables a1 (4-7) and 
45 the number of cables b1 (4-8) shown in Fig.70 to one, 
which leads to cost reduction. 

[Embodiment 16] 

50 [0193] Fig. 16 shows another embodiment of this 
invention. 

[0194] Fig. 16 illustrates one configuration in the 
rack-mounted form of the disk array controller 1 of 
embodiment 12 shown in Flg.10. This configuration is 
55 different from that of embodiment 1 2 in Flg.9 in that the 
shared memory units in Fig.10 are contained in clus- 
ters. 

[0195] In this configuration, as compared to the 
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configuration in Fig.9. the number of access paths 1 
(1 36) which connect the selector units (1 1 3) and shared 
memory units 1 14 can be decreased, which decreases 
the number of cables used in the disk an-ay controller 
housed in the rack, leading to cost reduction. 
[0196] Although the selector units 113 are pack- 
aged in selector packages 13 in this example, they may 
be directly mounted on the reverse of the package bear- 
ing surface of the interface platters 2 without packaging 
them in packages (the figure shows the backside of the 
platters). This reduces the required width of each inter- 
face platter 2 by the amount equivalent to the width of 
the selector package 13. permitting the rack for the disk 
array controller 1 to be more compact. 
[01 97] Although each of the two clusters contains a 
shared memory package 14 in this example, it is also 
acceptable that one duster contains all the shared 
memory packages 14 used in the disk array controller 1 
while the other cluster has no shared memory package 
1 4. This can decrease the number of cluster intercon- 
nection cables 1 (4-2) shown in Fig. 16 to one, which 
leads to cost reduction. 

[0198] Variations of this embodiment are introduced 
below. These variations are different from the variations 
of embodiment 1 2 only in that shared memory units 114 
are contained in clusters; they are briefly outlined next. 
[0199] Again, by mounting the selector units 113 
directly on the reverse of the package bearing surface of 
the interface platters 2 (the figure shows the backside of 
the platters), the required width of each interface platter 
2 can be reduced, permitting the rack for the disk array 
controller 1 to be more compact. 
[0200] Fig.44 shows a variation of the disk array 
controller 1 in Fig.42, in which two shared memory units 
114 are separately packaged in shared memory pack- 
ages 1 4, which are mounted on different interface plat- 
ters 2. 

[0201] Also, the same dual system effect can be 
obtained by writing the same data in both the shared 
memory units 1 14 from the channel interface units 111, 
disk interface units 112 or selector units 113. In this 
case, it is unnecessary to interconnect the shared mem- 
ory units 1 14 via access path 2 (139). However, if they 
are interconnected via access path 2 (139), the data in 
the two shared memory units 1 14 can be directly cross- 
checked for confimnation or a similar purpose, resulting 
in improved reliability. 

[0202] Rg.52 shows a variation of the configuration 
in Fig. 42 in which one cluster contains two shared 
memory packages 14 instead of one, where one shared 
memory package 14 in a dual system is mounted on 
each of the two areas of each interface platter 2 divided 
by a power supply boundary 300 as in embodiment 3. 
[0203] Although each of the two clusters contains 
shared memory packages 14 in this example, it is also 
acceptable that one of the two clusters contains all the 
shared memory packages 14 used in the disk array con- 
troller 1 while the other cluster has no shared memory 



packages 14. 

[0204] Fig.30 illustrates a variation in which, as in 
embodiment 4, each shared memory unit 114 is physi- 
cally divided into a cache memory unit 115 for storing 

5 data to be recorded in magnetic disk drives 120, and a 
shared memory unit 1 14 for storing control data for the 
cache memory unit 115 and the disk array controller 1. 
[0205] Since in this configuration, the access paths 
from the channel interface packages 1 1 and disk inter- 

10 face packages 12 to the cache memory packages 15 or 
shared memory packages 14 are physically independ- 
ent, it is possible to distinguish between two types of 
faults, faults related to access to the cache memory 
units 1 15 (faults in the cache memory units 115, or the 

75 CM selector units 123. access paths bO (133), access 
paths b1 (134) or others for access to them) and faults 
related to access to the shared memory units 114 (faults 
in the shared memory units 1 14 or the SM selector units 
113, access paths aO (131), access paths a1 or others 

20 for access to them) so that defective parts can be inde- 
pendently repaired without affecting other parts. 
[0206] Although each of the two clusters contains a 
shared memory package 14 and a cache memory pack- 
age 15 in this example, it is also acceptable that one 

25 cluster contains all the shared memory packages 14 
and cache memory packages 15 used in the -disk-,array. . 
controller 1 while the other cluster has no shared mem- 
ory package 14 nor cache memory package 15. 
[0207] Fig. 66 shows a variation in which two 

30 shared memory units 114 are interconnected via 
access path a2 (140) and two cache memory units 115 
via access path b2 (141) as in embodiment 5. 
[0208] This produces the same effects as those of 
embodiment 5. 

35 [0209] In this embodiment, the shared memory 
units 114 are interconnected via access path a2 (140) 
and the cache memory units 115 via access path b2 
(141) to make a dual system; however, instead, the 
same dual system effect can be obtained by writing the 

40 same data in both the shared memory units 1 1 4 or both 
the cache memory units 115 from the channel interface 
units 111, disk interface units 1 12, or SM selector units 
1 13 or CM selector units 123. In this case, it is unneces- 
sary to interconnect the shared memory units 114 or 

45 cache memory units via access path a2 (140) or access 
path b2 (141). However, if they are interconnected with 
access path a2 (140) or access path b2 (141), the data 
in the two shared memory units 1 14 or the two cache 
memory units 115 can be directly cross-checked for 

50 confirmation or a similar purpose, resulting in improved 
reliability. 

[0210] Fig.74 shows a variation in which one cluster 
contains two shared memory packages 14 and two 
cache memory packages 15, where a set which con- 
55 sists of one shared memory package 14 and one cache 
memory package 15 is mounted on each of the two 
areas of the interface platter 2 divided by a power sup- 
ply boundary 300, as in embodiment 6. 
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[0211] This produces the same effects as those of 
embodiment 6. 

[0212] Although each of the two clusters contains 
shared memory packages 14 and cache memory pack- 
ages 1 5 in this example, it is also acceptable that one 
cluster contains all the shared memory packages 14 
and cache memory packages 1 5 used in the disk array 
controller 1 while the other cluster has no shared mem- 
ory package 14 nor cache memory package 15. 

[Embodiment 17] 

[021 3] Rgs.75 and 77 show another embodiment in 
which the disk array controller 1 of embodiment 12 in 
Fig. 64 is mounted in the rack. 

[021 4] Rg.75 illustrates how packages are mounted 
on platters and how the platters are positioned and 
interconnected. Each interface platter 2 bears two chan- 
nel interface packages 1 1 and two disk interface pack- 
ages 12, which constitute one selector group 150. The 
selector units (SM selector units) 113 connected to the 
shared memory packages, and the selector units (CM 
selector units) 123 connected to the cache memory 
packages are mounted on the backside of the interface 
platters 2. This anangement can decrease the required 
width of the interface platters 2. Two interface platters 
make up a redundant system 155. 
[0215] The disk array controller 1 has eight inter- 
face platters 2 which make up four redundant systems 
155. One memory platter 3 bears one shared memory 
package 14 and two cache memory packages 15. To 
make a dual memory system, two memory platters 3 
are provided. 

[0216] Between two interface platters which consti- 
tute a redundant system, the channel interface pack- 
ages 1 1 and disk interface packages 12 are connected 
with the SM selector units 113 and CM selector units 
123 by cable aO (4-5) and cable bO (4-6), respectively 
[0217] Here, when two cables aO (4-5) and two 
cables bO (4-6) are used and one of the two cables is 
used for the access path to connect the interface units 
within one selector group 150 with the selector units 
within the other selector group 1 50, and the other cable 
is used for the access path to connect the selector units 
within the former selector group 150 with the interface 
units within the latter selector group 150, even if one of 
the access paths fails, the cable aO (4-5) or cable bO (4- 
6) can be replaced without affecting the other access 
path. 

[0218] Each interface platter 2 is connected with 
four cables from two memory platters 3, where one 
cable a1 (4-7) and one cable b1 (4-8) come from each 
memory platter. This means that each memory platter is 
connected with a total of 1 6 cables from eight interface 
platters 2, where one cable a1 (4-7) and one cable b1 
(4-8) come from each interface platter. The memory 
platters 3 are interconnected by cable a2 (4-10) and 
cable b2(4-11). 



[0219] Connectors for the cables which intercon- 
nect the platters are located on the backside of the plat- 
ters, where the inter-platter cables are connected. This 
enminates the need for detouring the inter-platter cables 

5 around the cables (not shown) for connection with the 
host computer 1 01 at the sub edge side of the channel 
interface packages 1 1 (opposite to the side where the 
packages are connected with the platters) or the cables 
(not shown) for connection with the magnetic disk drives 

10 1 20 at the sub edge side of the disk interface packages 
12, shortening the required cable length. 
[0220] As mentioned earlier, the cables used here 
are expensive. Data transmission at high frequencies by 
cables could cause noise, which often makes the imple- 

15 mentation difficult. For this reason, to shorten the cable 
length offers a great advantage. 

[0221] In this embodiment, the interface platters 2 
and memory platters 3 are virtually perpendicular to 
each other. This makes it posv=:ible to locate the connec- 
20 tors for the cables which connect the interface platters 2 
and memory platters 3 so that the cables can be short- 
ened as shown in Fig-75. 

[0222] Fig.75 shows that the interface platters 2 are 
vertical to the horizontal plane and the memory platters 
25 3 are parallel to the horizontal plane; however, they may 
be oriented vice versa. 

[0223] Also as shown in Fig.75, the interface plat- 
ters 2 may be located so that the memory platters 3 are 
sandwiched by them. This can also shorten the cables 

30 which connect the interface and memory platters. 

[0224] Fig.77 shows the platters in Rg.75 which is 
housed in the rack 180. The platters bearing the pack- 
ages are located on the front side in the rack and power 
supplies 0 (170) and 1 (171) are located behind them. 

35 [0225] The power supplies 0 (170) and 1 (171) are 
separately connected with the platters, which facilitates 
power supply control during platter replacement. 
[0226] As shown in Fig.77, power nay be supplied 
to each platter from a dual power supply system con- 

40 sisting of a power supply 0 (170) and a power supply 1 
(171). When such a dual power supply system is used, 
even if one of the power supplies fails, the other power 
supply is used; therefore, it is unnecessary to shut down 
the packages on the platter which has been energized 

45 by the defective power supply, decreasing the number 
of system components to be stopped in case of failure. 

[Embodiment 18] 

50 [0227] Figs,76 and 78 show an embodiment in 
which the disk anay controller 1 of embodiment 12 in 
Flg.28 is mounted in the rack. 

[0228] Fig.76 illustrates how packages are mounted 
on platters and how the platters are positioned and 
55 interconnected. Each interface platter 2 bears two chan- 
nel interface packages 1 1 and two disk interface pack- 
ages 12, which constitute one selector group 150, as 
welt as one shared memory package 14 and one cache 
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memory package 15. The selector units (SM selector 
units) 113 connected to the shared memory packages, 
and the selector units (CM selector units) 123 con- 
nected to the cache memory packages are mounted on 
the backside of the interface platters 2. This can reduce 5 
the required width of the interface platters 2. Two inter- 
face platters make up a redundant system 1 55. The disk 
array controller 1 has two interface platters 2 which 
make up one redundant system 155. 
[0229] Between two Interface platters which consti- 10 
tute a redundant system 155. the channel Interface 
packages 11 and disk interface packages 12 are con- 
nected with the SM selector units 113 and CM selector 
units 123 by cable aO (4-5) and cable bO (4-6), respec- 
tively. 

[O230] Here, when two cables aO (4-5) and two 
cables bO (4-6) are used and one of the two cables is 
used for the access path to connect the interface units 
within one selector group 150 with the selector units 
within the other group 150 and the other cable is used 
for the access path to connect the selector units within 
the former selector group 150 with the interface units 
within the latter selector group 150, even if one of the 
access paths fails, the cable aO (4-5) or cable bO (4-6) 
can be replaced without affecting the other access path. 
[0231] Between the platters, the SM selector units 
113 and CM selector units 123 are connected with the 
shared memory units 114 and cache memory units 115 
by two cables a1 (4-7) and two cables b1 (4-8), respec- 
tively The two shared memory units 113 as a dual sys- 
tem and the two cache memory units 115 as a dual 
system are interconnected by cable a2 (4-1 0) and cable 
b2 (4-11), respectively. Therefore, the two interface plat- 
ters are interconnected by a total of eight cables. How- 
ever, the number of cables which can be used here is 
not limited as above. 

[0232] Connectors for the cables which intercon- 
nect the platters are located on the backside of the plat- 
ters, where the inter-platter cables are connected. This 
eliminates the need for detouringthe inter-platter cables 
around the cables (not shown) for connection with the 
host computer 101 at the sub edge side of the channel 
interface packages 1 1 (opposite to the side where the 
packages are connected with the platters) or the cables 
(not shown) for connection with the magnetic disk drives 
120 at the sub edge side of the disk interface packages 
12, shortening the required cable length. 
[0233] The interface platters 2 may be vertically 
arranged as shown in Fig-76. This arrangement can 
shorten the cable length required to interconnect the 
platters. 

[0234] Fig.78 shows the platters in Fig.76 which is 
housed in the rack 180. The platters bearing the pack- 
ages are located on the front side in the rack and power 
supplies 0 (1 70) and 1 (1 71 ) are located behind them. 
[0235] The power supplies 0 (170) and 1 (171) are 
separately connected with the platters, which facilitates 
power supply control during platter replacement. 



[0236] As shown in Fig.78. power may be supplied 
to each platter from a dual power supply system con- 
sisting of one power supply 0 (170) and one power sup- 
ply 1 (171). When such a dual power supply system is 
used, even if one of the power supplies fails, the other 
power supply can be used; therefore. It is unnecessary 
to shut down the packages on the platter which has 
been energized by the defective power supply, decreas- 
ing the number of system components to be stopped in 
case of failure. 

[Embodiment 19] 



[0237] Figs.79 and 80 show another embodiment in 
15 which the disk an^y controller 1 of embodiment 12 in 
Fig.28 is mounted in what is called a 19-inch rack (185). 
[0238] Fig.79 illustrates the disk array controller 1 
housed in a 1 9-inch rack 185. Each MP box 250 houses 
channel interface packages 11, disk interface packages 
20 12, a shared memory (SM) selector package 13 and a 
cache memory (CM) selector package 23. Shared 
memory packages 1 4 and cache memory packages 1 5 
are housed in an MEM box 251 . All power supplies are 
housed in a PS box 252. Thus, the disk array controller 
25 1 consists of four MP boxes 250, one MEM box 251 and 
one PS box 252. 

[0239] Fig. 81 shows, as an example, how channel 
interface packages 11, disk interface packages 12, SM 
selector packages 1 3 and CM selector packages 23 are 
30 housed in an MP box 250. One interface platter 2 bears 
a selector group 150 which consists of two channel 
interface packages 1 1, two disk interface packages 12. 
one SM selector package 1 3 and one CM selector pack- 
ages 23. 

35 [0240] Each interface platter is connected with two 
cables al (4-7) for connecting an SM selector package 
1 3 with shared memory packages 14 and two cables b1 
(4-8) for connecting a CM selector package 23 with 
cache memory packages 15. 
40 [0241] One MP box 250 houses two interface plat- 
ters 2 which constitute a redundant system 155. These 
two interface platters 2 are interconnected by cable aO 
(4-5) and cable bO (4-6) as shown in Fig. 80 to make up 
a redundant system. 
45 [0242] Here, when two cables aO (4-5) and two 
cables bO (4-6) are used and one of the two cables is 
used for the access path to connect the interface units 
within one selector group 150 with a selector unit within 
the other selector group 150 and the other cable is used 
so for the access path to connect a selector unit within the 
former selector group 150 with the interface units within 
the latter selector group 150, even if one of the access 
paths fails, the cable aO (4-5) or cable bO (4-6) can be 
replaced without affecting the other access path. 
55 [0243] Four cables 302 for connection with the host 
computer 101 are connected at the sub edge side 
(opposite to the side where the packages are connected 
with the platters) of each channel interface package 1 1 . 
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and four cables 301 for connection with the magnetic 
disk drives 120 are connected at the sub edge side of 
each disk interface package 12. 
[0244] Rg.82 shows, as an example, how shared 
memory packages 14 and cache memory packages 15 
are housed in the MEM box 251. One memory platter 
bears two packages: one shared memory package 1 4 
and one cache memory package 15, 
[0245] Each memory platter 3 is connected with 
eight cables: cables al (4-7) for connection between the 
SM selector packages 13 and shared memory pack- 
ages 14 and cables b1 (4-8) for connection between the 
CM selector packages 23 and cache memory packages 
15. 

[0246] To make a dual memory system, two mem- 
ory platters 3 are housed in the MEM box 251 and the 
two memory platters 3 are interconnected by cable a2 
(4-10) and cable b2 (4-11) as shown in Fig.80. 
[0247] Rg.83 shows, as an example, how power 
supplies are housed in the PS box 262. To one MP box, 
power is supplied from MP box power supply groups 
1 75 each of which is composed of six power supply 
modules 1 72. The six power supply modules in each 
group constitute two 3-module sets to make a dual sys- 
tem. Power is supplied to one MEM box from an MEM 
box power supply group 176 composed of four power 
supply modules 172. These four power supply modules 
172 constitute two 2-module sets to make a dual sys- 
tem. To back up the shared memory units 114 and 
cache memory units 115 in case of power failure, two 
memory backup batteries 177 are provided. 
[0248] Because the disk array controllerl consists 
of four MP boxes 250 and one MEM box 251, the PS 
box 252 houses four MP box power supply groups 175 
and one MEM box power supply group 1 76. 
[0249] Rg.80 illustrates inter-platter cable connec- 
tions. Between two interface platters constituting a 
redundant system, the channel interface packages 1 1 
and disk interface packages 12 are connected with the 
SM selector units 113 and CM selector units 113 by 
cable aO (4-5) and cable bO (4-6), respectively. 
[0250] Each interface platter 2 is connected with a 
total of four cables from two memory platters 3 where 
one cable al (4-7) and one cable b1 (4-8) come from 
each memory platter. Therefore, each memory platter 3 
is connected with a total of 16 cables from eight inter- 
face platters 2, where one cable al (4-7) and one cable 
b1 (4-8) come from each interface platter. 
[0251] The two memory platters 3 are intercon- 
nected by cable a2 (4-10) and cable b2 (4-11) to make 
a dual system of shared memory units 1 14 and a dual 
system of cache memory units 115. 
[0252] The interface platters 2 are located so that 
the memory platters 3 are sandwiched by them. This 
can also shorten the cables which connect the interface 
and memory platters. 

[0253] When the interface packages, memory pack- 
ages and power supplies are housed in their respective 



boxes and the boxes are housed in the rack as men- 
tioned above, the disk array controller 1 can be serviced 
box by box and thus its maintenance is easier. 
[0254] In addition, a commercially available 1 9-inch 
5 rack can be used for the disk array controller, so it is 
possible to configure a workstation, sen/er or other sys- 
tem housed in a 1 9-inch rack which includes storages. 
[0255] So far. the best modes for embodying ttie 
invention have been explained using various embodi- 
10 ments. The invention may be embodied in other specific 
forms. For instance, in embodiments where channel 
interface units and disk interface units are not con- 
nected via shared buses, it is also possible to mount the 
channel interface packages and disk interface pack- 
75 ages on different platters as mentioned for embodiment 
1. In embodiments which have both shared memory 
units and cache memory units, it is also possible to 
mount the shared memory packages and cache mem- 
ory packages on different platters. The above explana- 
20 tions have been made for a disk array controller which 
uses magnetic disk drives, but DVD-RAMs, magnet- 
optical disks, magnetic tape or other storages may be 
used in place of magnetic disk drives. 
[0256] According to this invention, even if one plat- 
es ter fails, only components for which the packages 
mounted on that platter are responsible have to be 
stopped and a defective part on the platter can be 
replaced without stopping the entire system; in other 
words, faults can be remedied without stopping the sys- 
30 tern so that the system can be operated without inter- 
ruption around the clock, all the year round. 
[0257] In addition, to cope with the increase or 
decrease in the number of platters bearing interface 
packages, the performance of internal buses can be 
35 made scalable. Therefore, scalability of performance 
and capacity Is assured to suit a wide range of systems 
from small to large systems without unfavorably affect- 
ing the cost performance. Besides, it becomes possible 
to supply products at reasonable prices which match 
40 the scale of the system. 

Claims 

1 . A disk array controller, characterized in that it com- 
45 prises: 

an interface platter on which a channel inter- 
face unit to be connected with a host computer 
and a disk interface to be connected with a disk 
50 drive are mounted; 

a memory platter on which a memory unit for 
storing control data for the disk drive is 
mounted; and 

a cable which connects the interface platter 
55 and the memory platter. 



2. The disk array controller as defined in claim 1 , char- 
acterized in that it has plural said memory platters 
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and cables which connect the interface platter with 
each of the plural memory platters. 

3. The disk array controller as defined in claim 2, char- 
acterized in that it has a cable for connection s 
between the plural memory platters. 

4. The disk array controller as defined in claim 2, char- 
acterized in that data stored in said memory unit . 
mounted on one of the plural memory platters is the io 
same as that stored in said memory unit mounted 

on another one of the plural memory platters. 

5. The disk array controller as defined in claim 1 , char- 
acterized in that the memory platter has two areas is 
to which power is supplied from different power 
supplies and said memory unit is mounted on each 

of the areas. 

6. The disk array controller as defined in claim 1 , char- 20 
acterized in that further it has a cache memory unit 
which stores data to be recorded in the disk drive. 

7. The disk an^y controller as defined in claim 6. char- 
acterized in that the cache memory unit is mounted 25 
on the memory platter. 

8. The disk array controller as defined in claim 6. char- 
acterized in that the interface platter and the mem- 
ory platter are connected by a cable and the 30 
interface platter and the cache memory unit are 
connected by another cable. 

9. The disk array controller as defined in claim 7, char- 
acterized in that it has plural said memory platters 3S 
on which the memory unit and the cache memory 
unit are mounted and plural cables which connect 

the interface platter and each of the plural memory 
platters. 

40 

10- The disk array controller as defined in claim 9. char- 
acterized in that it has cables which interconnect 
the plural memory platters. 

11. The disk array controller as defined in claim 9, char- 45 
acterized in that the data stored in said memory unit 
and said cache memory unit mounted on one of the 
plural memory platters is the same as that stored in 
said memory unit and said cache memory unit 
mounted on another one of the plural memory plat- so 
ters. 

12. The disk array controller as defined in claim 1 , char- 
acterized in that the memory platter has two areas 

to which power is supplied from different power ss 
supplies, and each of the two areas bears the mem- 
ory unit and the shared memory unit. 



13. A disk array controller, characterized in that it com- 
prises: 

an interface platter on which a channel inter- 
face unit to be connected with a host computer 
and a disk interface unit to be connected with a 
disk drive are mounted; 

a memory platter on which a memory unit for 
storing control data for the disk drive is 
mounted; 

a cable which connects the interface platter 

and the memory platter; and 

a selector unit, connected with the channel 

interface unit, the disk interface unit and the 

memory unit, which selects requests from the 

channel interface unit and the disk interface 

unit. 

14. The disk an^y controller as defined in claim 13, 
characterized in that the selector unit is mounted on 
the interface platter. 

15. The disk array controller as defined in claim 14, 
characterized in that the selector unit and the mem- 
ory unit are connected. 

16. The disk array controller as defined in claim 13, 
characterized in that the selector unit is mounted on 
the reverse of the surface on which the channel 
Interface unit and the disk interface unit are 
mounted. 

17. A disk array controller, characterized in that it com- 
prises: 

an interface platter on which a channel inter- 
face unit to be connected with a host computer 
and a disk interface unit to be connected with a 
disk drive are mounted; 

a memory platter on which a cache memory 
unit for storing data to be recorded into the disk 
drive is mounted; and 

a cable which connects the interface platter 
and the memory platter. 

18. A disk array controller, characterized in that it com- 
prises: 

an interface platter on which a channel inter- 
face unit to be connected with a host computer 
and a disk interface unit to be connected with a 
disk drive are mounted; 

a memory platter on which a cache memory 
unit for storing data to be recorded into the disk 
drive is mounted; 

a cable which connects the interface platter 

and the memory platter: and 

a selector unit, connected with the channel 
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interface unit, the disk interface unit and the 
cache memory unit, which selects requests 
from the channel interface unit and the disk 
interface unit. 

19. The disk array controller as defined in claim 18, 
characterized in that the selector unit is mounted on 
the interface platter. 

20. The disk array controller as defined in claim 1 9, 
characterized In that the selector unit and the mem- 
ory unit are connected. 

21. The disk array controller as defined in claim 19, 
characterized in that the selector unit is mounted on 
the reverse of the surface on which the channel 
interface unit and the disk interface unit are 
mounted. 

22. A disk array controller, characterized in that it com- 
prises: 

plural platters on each of which a channel inter- 
face unit to be connected with a host computer, 
a disk interface to be connected with a disk 
drive and a memory unit for storing control data 
for the disk drive are mounted; and 
a cable which interconnects the plural platters: 



23. The disk array controller as defined in claim 22, 
characterized in that the cables include a cable 
which connects the channel interface unit or the 
disk interface unit on one of the plural platters, with 
the memory unit on another one of the plural plat- 
ters. 

24. A disk array controller, characterized in that it com- 
prises: 

plural platters on each of which a channel inter- 
face unit to be connected with a host computer, 
a disk interface to be connected with a disk 
drive and a memory unit for storing control data 
for the disk drive are mounted; 
a cable which interconnects the plural platters; 
and 

a selector unit, connected with the channel 
interface unit, the disk interface unit and the 
memory unit which are mounted on one of the 
plural platters, which selects requests from the 
channel interface unit and the disk interface 
unit. 

25. The disk array controller as defined in claim 24, 
characterized in that the selector unit is mounted on 
the platter. 



characterized in that the selector unit is connected 
with the channel interface unit and the disk interface 
unit which are mounted on another one of the plural 
platters. 

5 

27. A disk anray controller, characterized in that it com- 
prises: 

plural platters on each of which a channel inter- 
10 face unit to be connected with a host computer, 

a disk interface to be connected with a disk 
drive and a cache memory unit for storing data 
to be recorded into the disk drive are mounted; 
cables which interconnect the plural platters; 
15 and 

a selector unit, connected with the channel 
interface unit, the disk interface unit and the 
cache memory unit which are mounted on one 
of the plural platters, which selects requests 
20 from the channel interface unit and the disk 

interface unit. 

28. The disk array controller as defined in claim 27, 
characterized in that the selector unit is mounted on 

25 the platter. 

29. The disk array controller as defined in claim 27, 
characterized in that the selector unit is connected 
with the channel interface unit and the disk interface 

30 unit which are mounted on another one of the plural 
platters. 

30. A disk array controller, characterized in that it com- 
prises: 
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a first platter on which a channel interface to be 
connected with a host computer is mounted; 
a second platter on which a disk interface unit 
to be connected with a disl5 drive is mounted; 
a third platter on which a memory unit for stor- 
ing control data for the disk drive is mounted; 
a cable which connects the first and third plat- 
ters; and 

a cable which connects the second and third 
platters. 

31. The disk array controller as defined in claim 30, 
characterized in that it has: 

a fourth platter on which a cache memory unit 
for storing data to be recorded into the disk 

drive is mounted; 

a cable which connects the first and fourth plat- 
ters; and 

a cable which connects the second and fourth 
platters. 



26. The disk array controller as defined in claim 24. 32. A disk an-ay controller, characterized in that it com- 
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prises: 

an interface platter on which a channel inter- 
face to be connected with a host computer, a 
disk interface unit to be connected with a disk 
drive, a shared bus connected with the channel 
interface unit and the disk interface unit, and a 
shared bus controller, connected with the 
shared bus, which controls requests from the 
channel interface unit and disk interface unit; 
a memory platter on which a memory unit for 
storing control data for the disk drive is 
mounted; and 

a cable which connects the interface platter 
and the memory platter. 

33. The disk array controller as defined in claim 33, 
characterized in that it has a cache memory unit for 
storing data to be recorded into the disk drive. 

34. The disk array controller as defined in claim 33, 
characterized in that the cache memory unit is 
mounted on the memory platter. 

35. A disk anay controller, characterized in that it com- 
prises: 

an interface platter on which a channel inter- 
face unit to be connected with a host computer 
and a disk interface unit to be connected with a 
disk drive are mounted; and 
a memory platter on which a memory unit for 
storing control data for the disk drive is 
mounted, 

wherein the orientation of the interface platter 
is different from that of the memory platter. 

36. The disk array controller as defined in claim 35. 
characterized in that the interface platter is perpen- 
dicular to the memory platter. 

37- A disk an^y controller, characterized in that it com- 
prises: 

plural interface platters on each of which a 
channel interface unit to be connected with a 
host computer and a disk interface unit to be 
connected with a disk drive are mounted; and 
a memory platter on which a memory unit for 
storing control data for the disk drive is 
mounted, 

wherein the memory platter is located between 
the plural interface platters. 
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face unit to be connected with a host computer, 
a disk interface unit to be connected with a disk 
drive and a memory unit for storing control data 
tor the disk drive are mounted, 
wherein one of the plural platters is located 
above another one of the plural platters. 

39. The disk array controller as defined in claim 38, 
characterized in that said one platter and said other 
platter are vertical. 

40. A disk array controller, characterized in that it com- 
prises: 

an interface platter on which a channel inter- 
face unit to be connected with a host computer 
and a disk interface unit to be connected with a 
disk drive are mounted; and 
a memory platter on which a cache memory 
unit for storing data to be recorded into the disk 
drive is mounted, 

wherein the orientation of the interface platter 
is different from that of the memory platter 

41. The disk array controller as defined in claim 40. 
characterized in that the interface platter is perpen- 
dicular to the memory platter. 

42. A disk array controller, characterized in that it com- 
prises: 

plural interface platters on each of which a 
channel interface to be connected with a host 
computer and a disk interface to be connected 
with a disk drive are mounted; and 
a memory platter on which a cache memory 
unit for storing data to be recorded into the disk 
drive is mounted, 

wherein the memory platter is located between 
the plural interface platters. 
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38. A disk an-ay controller, characterized in that it com- 55 
prises: 

plural platters on each of which a channel inter- 



25 



EP 1 094 386 A1 



FIG. 1 



1: 

DISK ARRAY 
CONTROLLER 



11 



2:I/F PA 




11: 

CHANNEL 
I/F PK 



160 
I/F GROUP 

-12: 
DISK 



11 



12 



12 



— 1 • DISK ■ m 

I/F PK 

4:CABLE. ^ d-, 



14: 
SHARED 
MEMORY PK 



3: MEMORY PA 



26 



..I *• 

EP 1 094 386 A1 



FIG. 2 



101 



HOST COMPUTER 



CHANNEL 
I/FUNU 



111 



111 



111 



114 

SHARED 
MEMORY 
UNIT 



115 

CACHE 

MEMORY 

UNIT 



112 




DISK 

I/FUNIT 



112 



112 




5: 

DISK ARRAY 
CO^frROLLER 



120: MAGNETIC DISK DRIVE 



27 



EP 1 094 386 A1 



FIG. 3 



101 



HOST COMPUTER 




114 




115 


SHARED 




CACHE 


MEMORY 




MEMORY 


UNIT 




UNIT J 



130:' 
SHARED BUS 

DISK ARRAY 
CONTROLLER 



120:MAGNETIC DISK DRIVE 



28 



EP 1 094 386 A1 



FIG. 4 



120: MAGNETIC DISK DRIVE 




SHARED 
MEMORY 



29 



EP 1 094 386 A1 



FIG. 5 




114: 
SHARED 
MEMORY 
UNIT 



30 



EP 1 094 386 A1 



FIG. 6 



13 : SELECTOR PK 11: CHANNEL I/F PK 



11 



11 



12 



12 



2:1/F P/L 



150* 
SELECTOR 
GROUP 



4-2 '.CABLE 

4ii . . — 



11 



13 



12 



SHARED -^i^ 
MEMORY PK 




i 14 I 



12 -.DISK I/F PK 



1: 

DISK ARRAY 
CONTROLLER 



3: MEMORY P/L 



31 



EP 1 094 386 A1 



FIG. 7 



120: MAGNETIC DISK DRIVE 




114: 
SHARED 
MEMORY 
UNIT 



32 



EP 1 094 386 A1 



FIG. 8 



113: 

SELECTOR UNIT 
(BACKSIDE) 



113 















11 


12 





2 :1/F P/L 




150' 

SELECTOR 
GROUP 



11 



11 



12 



12 



11: 

CHANNa 
I/F PK 

14: 

SHARED 
MEMORY PK 




12: DISK I/F PK 




14 



4-2: CABLE 1 
1: 

DISK ARRAY 
CONTROaER 



3: MEMORY P/L 



33 



EP 1 094 386 A1 



13: 

SaECTOR PK 



11 



11 



12 



FIG. 9 

2-I/F PA CHANNEL REDUNDANT SYSTEM 

i 



11: 155: 



150: 

SELECTOR 



12 



GROUP 



1 



4-1: CABLE 0 



11 



13 



12 




4-2: CABLE 1 
14: 

SHARED-^ 
MEMORY PK 




IT 



12:DISK1/F PK 
1: 

DISK ARRAY 
CONTROLLER 



3: MEMORY P/L 



34 



EP 1 094 386 A1 



FIG. 10 




155: 114: 
REDUNDANT SHARED 
SYSTEM MEMORY 



UNIT 



35 



EP 1 094 386 A1 



FIG. 11 



ie6: 

OUSTER 1 



1 



2: 1/F P/L I i-imrnnrn 



11 



14 



12 



4:CABLE 



11 



11 



12 



12 



uu 



11: 12: 
CHANNEL DISK 
I/F PK I/F PK 



14: 

SHARED 
MEMORY PK 



36 



EP 1 094 386 A1 



FIG. 12 



111: 

CHANNEL 
165- I/FUNIT 

CLUSTER 0 



120: MAGNETIC DISK DRIVE 



166: 

CLUSTER 1 




112: 
DISK 

I/F UNIT 



31' 114: / 
SHARED SHARED ^J^ aS^ESS 
BUSO MEMORY 140: Sat£o 
UNIT SHARED BUS ^'^^ " 
INTERCONNECT 
CONTROLLER 



1: 

DISK ARRAY 
CONTROLLER 



37 



EP 1 094 386 A1 



FIG. 13 



120: MAGNETIC DISK DRIVE 



111: 

CHANNEL 
165- I/F.UNIT 
aiiSTERO 



166* 

CLUSTER 1 




•112: 
DISK 

I/F UNIT 



3t: 114: 135: 
SHARED SHARED ACCESS 
BUS 0 MEMORY UNIT PATH 0 



DISK ARRAY 
CONTROLLER 



38 



EP 1 094 386 A1 



FIG. 14 



1 



DiSK ARRAY }§5 - 
CONTROLLER CLUSTER 0 

4 



166: 

CLUSTER 1 



11 



11 



12 



12 



2:I/F PA 



1 



4-2: 
CABLE 1 



11 



13 



14 



12 



13:' 14: 
SELECTOR SHARED 
PK MEMORY PK 



11: 
CHANNEL 
I/F PK 



12: 
DISK 
I/F PK 



39 



EP 1 094 386 A1 



FIG. 15 



113' 

SELECTOR UNIT 
(BACK SIDE) 



165: 

aUSTERO 



166: 

CLUSTER 1 



11 



14 



12 



12 



2:I/F P/L 



113 



4-2" 
CABLE 1 



11 



11 



12 



11: 
CHANNEL 
I/F PK 



1: 

DISK ARRAY 
CONTRCMiER 



14: 12: 

SHARED DISK 

MEMORY 1/FPK 
PK 



40 



EP 1 094 386 A1 



FIG. 16 



DISK ARRAY ^^.'ciTFR n 
CONTRCUER CLUSTER 0 ^.^^^ 



166: 

CLUSTER 1 




14 



12 



11: 
CHANNEL 
I/FPK 



4-1: 

CABLE 0 



4-2: 
CABLE 1 



11 



11 



12: 
DISK 
I/F PK 



13:-^ 
SELECTOR 
PK 



12 



12 



14: 

SHARED 
MEMORY PK 



41 



EP 1 094 386 A1 



F/G. 17 




42 



EP 1 094 386 A1 



FIG. 18 



11: 12: 

CHANNEL DISK 

I/ F PK I/F PK 

L J n 2:I/F P/L 



11 



12 



160 
I/F GROUP 



11 



11 



12 



12 



SHARED / 
MEMORY PK"^ 



15 



L 



MEMORY PA 

1: 

DISK ARRAY 
CONTROLLER 



15: 

CACHE MEMORY PK 



43 



EP 1 094 386 A1 



FIG. 19 



1: 



DiSK ARRAY J^Sj 
CONT ROLLER CLUSTER 0 ^. j^p 



166: 

CLUSTER 1 

















^ 4-3* 
JCABLE a 


















11 


14 


15 


12 




r\ 


11 


11 






12 


12 
















"^4-4: 
. CABLE b 




y 


- 


y 







11: 

CHANNEL 
I/F PK 



12: 
DISK 
I/F PK 



ur 

SHARED 
MEMORY 
PK 



15: 

CACHE 

MEMORY 

PK 



44 



EP 1 094 386 A1 



FIG. 20 



111: 

160- CHANNEL 
I/p 1/F UNIT 

GROUP 



101 

HOST COMPUTER 



120:MAGNETIC.DISK DRIVE 



33* 

SHARED 
BUS aO 




112: 

CHANNEL 
I/F UNIT 



SHARED 
BUS b1 



ACCESS 



SHARED 



^^'^ ^ MEMORY 
UNIT 



140: 115: ^ 

f^^^nS^Irr ^ACHE D SK ARRAY 



45 



EP 1 094 386 A1 



FIG. 21 



120:MAGNEnC DISK DRIVE 



35: 

SHARED 
BUSbO 



112: 
160 DISK 

I/F UNIT 




111 

len- CHANNEL 
I/F I/F UNIT 

GROUP 



33' 

SHARED 
BUS aO 



114- iAn 138" 1^ 11^' V 

SHARED swiREDBUS S9£S^ ACCESS CAOjE dIsK ARRAY 

MEMORY iNTtRaMNECT P^TH a PATH b MEMORY CONTROOER 

UNIT CONTROLLER 



46 



EP 1 094 386 A1 



FIG. 22 



111: 

160- CHANNEL 

i/f" i/f unit 

GROUP 



33 ■ 

SHARED 
BUS aO 



120: MAGNETIC DISK DRIVE 



35: 

SHARED 
BUS bO 




114: 
SHARED 
MEMORY 
UNIT 



137: 
ACCESS 
PATH a 



138: 
ACCESS 
PATH b 



T 
115: 
CACHE 
MEMORY 
UNIT 



112: 
DISK 

I/F UNIT 



DISK ARRAY 
CONTROLLER 



47 



EP 1 094 386 A1 



FIG. 23 



111: 

ISO- CHANNEL 
SELECTOR I/F UNIT 
GROUP 



?K)ST COMPUTER 



120:MAGrfTICOISK DRIVE 

150 



131: 

ACCESS 
PATH aO 




112: 
DISK 

.I/F UNIT 



113: 
SM 

SELECTOR 
UNIT 



134: 

ACCESS 

PATHbl 



133: 
ACCESS 
PATH bO 



SHARED S5S^S SELECTOR CACHE 
MEMORY UNIT MEMORY 

UNIT 



115: 
CAC 
MEh 

UNrr 



DISK ARRAY 
CONTROLLER 



48 



EP 1 094 386 A1 



FIG. 24 



13: 

11: SM SELECTOR 

CHANNEL PK 
I/F PK 



23: 

CM SELECTOR 
PK 




12: 
DISK 
1/F PK 



11 



2: I/F P/L 



150: 
SELECTOR 
GROUP 




4-8 
CABLE b1 



13 



12 




1 4 


1 


14 


1 




1 


15 


I 


1 r 




1 



4-8^-7 

14: 

SHARED 
MEMORY PK 

1: 

DISK ARRAY 
CONTROLLER 



15: / 

CACHE MEMORY PK 



3: 

MEMORY P/L 



49 



EP 1 094 386 A1 



FIG. 25 



1: 

DISK ARRAY 
CONTROLLER 



165: 

CLUSTER 0 g- i/p p/L 



166: 

CLUSTER 1 



11 



14 



15 



23 



12 



4-7: 

CABLE a1 



4—8' 
CABLE b1 



11 



11 



13 



12 



12 



11' 13' 12* 

CHANNEL SM DISK 

I/F PK SELECTOR I/F PK 
PK 



14:-^ 15: 23: 

SHARED CACHE CM _ 

MEMORY MEMORY SELECTOR 

PK PK PK 



50 



EP 1 094 386 A1 



FIG. 26 



11: 12: 
CHANNEL DISK 

I/F PK 2:I/F PA 



n 
















11 




12 



















(BACK SIDE) 



4-7: 

CABLE a1 



123: CM SELECTOR 

{BACK side; 











'f1 


11 


12 


2 












4-8 
CABLE b1 




3E 



4-8^-7 

14: 
-SHARED 
MEMORY PK 

1: 

DISK ARRAY 
CONTROLLER 



15: 

CACHE MEMORY PK 



3: 

MEMORY P/L 



51 



EP 1 094 386 A1 



FIG. 27 



123' 

CM SELECTOR 
UNIT 

(BACK SIDE) 



DISK ARRAY 
CONTROLLER 

4— 



165: 

XLUSTER 0 



2:I/F P/L 

.A. 



CLUSTER 1 1^ 



11 



11^ 14 
OHANNa 
I/F PK 



12 




4-7: 

CABLE a1 



4-8: 
CABLE b1 



11 



11 



12 



12: 

DISK 

I/FPK 



113^ U- 



12 



113: 

SM SELECTOR 
UNIT 

(BACK SIDE) 



14: ^15: 
SHARED CACHE 
MEMORY MEMORY 
PK PK 



52 



EP 1 094 386 A1 



FIG. 28 




111: 

150- CHANNEL 
SELECTOR I/F UNIT 

GROUP 



131: 
ACCESS 
PATH aO 



DISK DRIVE 
150' 

SELECTOR 112- 
GROUP DISK 

I/F UNIT 



133: 

ACCESS 
PATH bO 



REDUNDANT 

SYSTEM / ^^4- 

\3Zr SHARED 

ACCESS MEMORY 

PATH a1 UNIT 



123: 

CM 115: 
SELECTOR CACHE 
UNIT MEMORY 
UNIT 



1: 

DISK ARRAY 
CONTROLLER 



53 



EP 1 094 386 A1 



155' 

REDUNDANT 
SYSTEM 

11: ( 12: 
CHANNEL \ DISK 
I/F PK I/F PK 



FIG. 29 



ISUx^o 13: CM SELECTOR 

SELECTOR SM SELECTOR PK 
GROUP PK 



11 



13 



23 



A: 



12 



2:l/F P/L 



4-5* 
CAEtLE aO 



4-6: 
CABLE bO 



11 



11 



12 



12 



t 3 - -^SHARED 

CABLE b1 I 14 I MEMORY PI 



15 



15: / 

CACHE MEMORY PK 



-SHARED 
MEMORY PK 

1: 

DISK ARRAY 
CONTROLLER 



3* 

MEMORY P/L 



54 



EP 1 094 386 A1 



FIG. 30 



1: 

DISK ARRAY 
CONTROLLER 



165: 

CLUSTER 



2:I/F P/L 



4-5: 

CABLE 4.g . 
CABLE 



aO 



166: 

CLUSTER 1 




11 



14 



15 



12 




4-7: 

CABLE a1 



11 



11 



13 



23 



12 



12 



11: 
CHANNEL 
I/FPK 



13: 
SM 

SELECTOR 

PK 23: 
CM 

SELECTOR 
PK 



12- "4-8: 
DISK CABLE b1 
I/F PK 



14: 15: 

SHARED CACHE 

MEMORY MEMORY 

PK PK 



55 



EP 1 094 386 A1 



FIG. 31 



111: 

160- CHANNEL 
I/F* I/F UNIT 

GROUP 



HOST COMPUTER 



120: MAGNETIC DISK DRIVE 



135: 
ACCESS 
PATH 0 




112: 
DISK 

I/F UNIT 



DISK ARRAY 
CONTROLLER 



139* 

l^A-ocn ACCESS 
SHARED PATH 2 
MEMORY 
UNfT 



56 



EP 1 094 386 A1 



FIG. 32 



1: 

DISK ARRAY 

CONTROLLER 1.1^^^^ 
1/F PK 



12: 
DISK 
1/F PK 



14: 

SHARED 
MEMORY PK 



11 



12 



12 



2:I/F P/L 



160: 

I/F GROUP 



11 



11 



12 




3: 4-9: 3 

MEMORY CABLE 2 
P/L 



57 



EP 1 094 386 A1 



FIG, 33 



DiSK ARRAY J65: 
CONTROLLER CLUSTER 0 

4— 



166: 

aUSTER 1 



11 



14 



12 



;=r=n2:I/F P/L I r-ii-ii-inr-i 



4: CABLE 



4-9: 

CABLE 2 



11 



11 



12 



12 



11: 12: 
CHANNEL DISK 
I/F PK I/F PK 



14: 
SHARED 
MEMORY PK 



58 



EP 1 094 386 A1 



FIG. 34 



120 -.MAGNETIC DISK DRIVE 



112: 

160- DISK 

i/f" i/f unit 

GROUP 




112: 
DISK 

I/F UNIT 



lll'nrn SHARED BUS 

?]if5iS/ INTERCONNECT 

MEMORY CONTROLLER 
UNIT 



139: 
ACCESS 
PATH 2 



1: 

DISK ARRAY 
CONTROLLER 



59 



EP 1 094 386 A1 



FIG. 35 



120:MAGr 



DISK DRIVE 



111: 

CHANNEL 

165- i/FUNrr 

CLUSTER 0 



166: 

CLUSTER 1 




112: 
DISK 

I/F UNIT 



SHARED SHARED ACCESS ACCESS DISK ARRAY 

BUSO MEMORY if?^cn niic PATH 0 PATH 2 CONTROLLER 

UNIT SMAHtU DUO 

INTERCONNECT 
CONTROLLER 



60 



EP 1 094 386 A1 



FIG. 36 



120 -.MAGNETIC DISK DRIVE 



111: 

CHANNEL 
165- I/FUNIT 

CLUSTER 0 



31: 114- 135: .oq. 

SHARED SHARED ACCE^ ^^^^^ 

BUSO MEMORY UNIT PATH 0 J^^^ 



166: 

CLUSTER 1 




112: 
DISK 

I/F UNIT 



DISK ARRAY 
CONTROLLER 



61 



EP 1 094 386 A1 



FIG. 37 



111: 

.en- CHANNEL 

sb£ctorI/p unit 

GROUP 



101 

HOST COMPUTER 



120:MAGNETIC DISK DRIVE 



135: 

ACCESS 
PATH 0 



150* 

SELECTOR 112: 
GROUP DISK 

I/F UNIT 




SELECTOR T^S 
UNIT ^26-/ ^ 
ACCESS 
PATH 1 



-136 
1: 

DISK ARRAY 
CONTROLLER 



114 

SHARED 
MEMORY 
UNfT 



62 



EP 1 094 386 A1 



FIG. 38 



1: 

DISK ARRAY ip- 
CONTROLLER 11 : DISK 



13: 

SELECTOR PK 



14: 

SHARED 
MEMORY PK 



3 













2A/l?/L 
























11 


11 




12 


12 




11 


13 


12 




150: 

SELECTOR 














GROUP 














4-2: 
CABLE 1 



J4. 



3' 

MEMORY 
P/L 



4-9: 

CABLE 2 



63 



EP 1 094 386 A1 



FIG. 39 



DiSK ARRAY i??: m icTCQ i 

CONT ROLLER ^A^PA^ " 




11: 

CHANNEL 
I/F PK 



12: 

DISK 

I/FPK 



13: 
SELECTOR 
PK 



14: 

SHARED 
MEMORY PK 



64 



EP 1 094 386 A1 



FIG. 40 



1: 12: 
DISK ARRAY ^ DISK 
CONTROIIER 1|-.^NP, I/F PK 

.CHANNEL/ 2:I/FP/L 
j:^ 



14: 

SHARED 
MEMORY PK 



V 








1' 












11 


12 





i5or 

SELECTOR 
GROUP 

113: 



(BACK SIDE) 



















11 


11 


12 


12 




4-2: 
CABLE 1 



3* 

MEMORY 
PA 



4-9' 
CABLE 2 



65 



EP 1 094 386 A1 



FIG. 41 



113: 



165: 



SELECTOR UNIT AYYiq-rrD a 
(BACK SIDE) CLlJ lfcH 0 



166: 

CLUSTER 1 




11: 14 
CHANNEL 
I/F PK 



12: 
DISK 
I/F PK 



14: 

1: SHARED 
DISK ARRAY MEMORY PK 
CONTROLLER 



66 



EP 1 094 386 A1 



FIG. 42 



111: 

<cn. CHANNEL 
SELECTOR I/F, UNIT 

GROUP 



120: MAGNETIC DISK DRIVE 



112: 
DISK 

1/F UNIT 



135: 
ACCESS 
PATH 0 




155: 

REDUNDANT 
SYSTEM 



139: 

114: ACCESS 
SHARED PATH 2 
MEMORY 
UNIT 



67 



EP 1 094 386 A1 



F/G. 43 



1 . 12: 
DiSK ARRAY DISK 
CONTROLLER 11 : PK 

.CHANNa/ 2:I/FP/L 
I/FPK A 



14: 

SHARED 
MEMORY PK 



13: 

SELECTOR PK 




4-2: 
CABLE 1 



3' 

MEMORY 
PA 



4-9: 
CABLE 2 



68 



EP 1 094 386 A1 



FIG. 44 



1: 

DISK ARRAY 
CONTROLLER 



165: 

CLUSTER 0 



2:I/F P/L 



166: 

CLUSTER 1 



11 



13 



14 



12 



11: 
CHANNEL 
I/FPK 



^4-1: 
CABLE 0 



CABLE 1 



11 



11 



12: 4-9: 
DISK CABLE 
I/F PK 



1^ 
SELECTOR 
PK 



12 



12 



14: 

SHARED 
MEMORY PK 



69 



EP 1 094 386 A1 



FIG. 45 



11: 

CHANNEL 
I/FPK 



12: 
DISK 
I/F PK 




11 



12 



160; 
I/F GROUP 




4: 

CABLE 



14: 

SHARED 
MEMORY PK 

3' 

MEMORY PA— ^ 





J 












14 












— 



1: 

DISK ARRAY 
COMTROaER 



300: 

POWER SUPPLY 
BOUNDARY 



70 



EP 1 094 386 A1 



FIG. 46 



1: 



I — A 



166" 

CLUSTER 1 




11: \ 12: 

CHANNEL 300: DISK 
I/FPK POWER I/FPK 
SUPPLY 
BOUNDARY 



SHARED 
MEMORY PK 



71 



EP 1 094 386 A1 



FIG. 47 



11: 

CHANNEL 
I/F PK 



12: 
DISK 
I/F PK 



13: 

SELECTOR 
PK 



fn 








-r 


^/F P/L^ 














11 


13 


12 






11 


11 




12 


12 






SELECTOR 














GROUP 














4-2: 
CABLE 1 

14: 

SHARED 
MEMORY PK 



MEMORY P/L- 



14 



1: 

DISK ARRAY 
CONTROLLER 



300; 

POWER SUPPLY 
BOUNDARY 



72 



EP 1 094 386 A1 



FIG. 48 



4 — ^ 



166: 

CLUSTER 1 



11 



13 



14 



14 



12 



^^^^i 'r-,r-. l 2:1/F P/ Hr-iAr-ii-i 



4-2: 
CABLE 1 



11 



11 



14 



12 



12 



11: / 12: 

CHANNEL 300: DISK 
I/F PK POWER I/F PK 
SUPPLY 
BOUNDARY 



lli crrnD ^00 SHARED 
SELECTOR MEMORY PK 



73 



EP 1 094 386 A1 



FIG. 49 



11: 

CHANNEL 
I/F PK 



12: 
DISK 
I/F PK 



2: I/F PA 




11 



12 



150 

SELECTOR 
GROUP 

130* 

SELECTOR UNIT 
(BACK SIDE) 




11 



[] 



12 



12 




4-2 

CABLE 1 
14: 

SHARED 
MEMORY PK 

3* 

MEMORY 



14 



5: 



1: 

DISK ARRAY 
CONTROLLER 



300: 

POWER SUPPLY 
BOUNDARY 



74 



u ' 

EP 1 094 386 A1 



FIG. 50 



1: 



DISK ARRAY 
CONTROLLER 



13' 

SELECTOR UNIT 
(BACK SIDE) 

165: 

CLUSTER 0 



11 



14 



14 



12 



2:I/F P/L 



166: 

CLUSTER 1 

v-4- 



4-2* 
CABLE 1 



11 



11 



14 



11: V 12: 

CHANNEL 300: DISK 
I/F PK POWER I/F PK 
SUPPLY 
BOUNDARY 



300 



f 



12 



12 



14: 

SHARED 
MEMORY PK 



75 



EP 1 094 386 A1 



FIG. 51 



11: 

CHANNEL 
I/F PK 



12: 
DISK 

I/F PK 



2: I/F PA 



11 



13 



12 




150' 

SELECTOR 
GROUP 



31 



155- 

REDUNDANT ^LECTOR 
SYSTEM 

i ^ 



4-1: 
CABLE 



11 



11 



12 



12 




4-2: 
CABLE 1 



14: 

SHARED 
MEMORY PK 



MEMORY P/L- 



14 



1: 

DISK ARRAY 
CONTROLLER 



300: 

POWER SUPPLY 
BOUNDARY 



76 



EP 1 094 386 A1 



FIG. 52 



DISK ARRAY J.?^: 
CONTROLLER CLUSTER 0 

4 



166: 

CLUSTER 1 



11 



13 



14 



14 



12 



2:I/F P/L 



^4-1: 
CABLE 0 



4-2: 
CABLE 1 



11 



11 



14 



12 



12 



11: 

CHANNEL 300: 
I/F PK POWER 
SUPPLY 
BOUNDARY 



^ 

12: 
DISK 
I/F PK 



IcicrTHP ^ SHARED 
SELECTOR MEMORY PK 
PK 



77 



EP 1 094 386 A1 



FIG. 53 



111: 

ICQ. CHANNEL 
J/f ' I/F UNIT 
GROUP 



101 

HOST COMPUTER 



120: MAGNETIC 



DISK DRIVE 



131 
ACCESS 
PATH aO 




112: 
DISK 

I/F UNIT 



133: 
ACCESS 
PATH bO 



140: 

114: ACCESS 
SHARED PATH a2 
MEMORY 
UNIT 



141: 

115: ACCESS 
CACHE PATH b2 
MEMORY 
UNIT 



1: 

DISK ARRAY 
CONTROLLER 



78 



EP 1 094 386 A1 



FIG. 54 



1: 

DISK ARRAY 
CONTROLLER 



11: 

CHANNEL 
I/F PK 



12: 
DISK 
I/F PK 



4-3: 

CABLE a 
4-4: 

CABLE b 
14: 

SHARED 
MEMORY PK 

15: 

CACHE" 
MEMORY PK 




3' 

MEMORY 
P/L 



79 



EP 1 094 386 A1 



FIG. 55 



DiSK ARRAY J?^: 

CONTROLLER CLUSTER 0 2:i/f p/L 
i ^=.^^ 



15: 

>lgg. CACHE 
CLUSTER 1 MEMORY 



11 



14 



15 



12 



^4-3: 
CABLE a 



"^4-4: 
CABLE b 




11- 12: 4-10: 4-11: 14: 

CHANNEL DISK CABLE CABLE SHARED 
I?F PK I/F PK ^ b2 MEMORY PK 



80 



EP 1 094 386 A1 



FIG. 56 



160: 
I/F 

GROUP 



111: 

CHANNEL 
I/F UNIT 



120: MAGNETIC 



DISK DRIVE 



33' 

SHARED 
BUS aO 




35: 

SHARED 
BUS bO 

131 

ACCESS 
PATH aO 

34: 

SHARED 
BUS a1 



112: 
160 DISK 
^ /1/F UNIT 



33 

35 

133: 
ACCESS 
PATH bO 

36: 
t^SHARED 
BUS b1 



114- V 115:'^ y 4. 

SHARED 140: fMlv ^^O^ frJTFRroMN^^^ oiSK ARRAY 

MEMORY ACCESS MEMORY ACCESS ffiSSS.'l^lP^ CONTROaER 

UNIT PATHa2 UNIT p^jH b2 ^0^" ROLLER uunm^ 



81 



EP 1 094 386 A1 



FIG. 57 



111: 

160- CHANNEL 

i/f" 1/f unit 

GROUP 



33: 

SHARED 
BUS aO 



120:MAGffTICOISK DRPvt 



35: 

SHARED 
BUS bO 



140: 

SHARED BUS 
INTERCONNECT 
CONTROLLER 



131: ^ "^loo: 

ACCESS PATH M 
/PATHb2 





112: 
DISK 
I/F UNIT 



140: 
ACCESS 
PATH a2 



VK^r. \ DISK ARRAY 

UNIT 115: 

CACHE 

MEMORY 

UNIT 



82 



EP 1 094 386 A1 



FIG. 58 



160: 
I/F 
GROUP 



33" 

SHARED 
BUS aO 

35' 

SHARED 
BUS bO 



111: 

CHANNEL 
I/F UNIT 



120: MAG^C .DISK DRIVE 




112: 
DISK 

1/F UNIT 



141: 



S^2S/ ACCESS 140: ACCESS 
MEMORY PATH aO ACCESS PATH b2 ^^"^ ^ 
UNIT PATH a2 



rAOHP DISK ARRAY 
MEMC^Y CONTROLLER 
UNIT 



83 



EP 1 094 386 A1 



FIG. 59 

120:MAGhETIC DISK DRIVE 



150: 

SELECTOR 112- 
GROUP DISK 
\ /I/FUNIT 



133: 
ACX)ESS 
PATH bO 




111: 

iSQ. CHANNEL 
SELECTOR I/F UNIT 
GROUP 



131: 
ACCESS 
PATH aO 



i-io.^ I 140: 

ACCESS .r, ACCESS 

PATOal PATHa2 

uwr 



123: 

CM 115: 
SELECTOR CACHE 
UNR- MEMORY 

UNIT 141: 

ACCESS 
PATH b2 



DISK ARRAY 
CONTROLLER 



84 



EP 1 094 386 A1 



FIG. 60 



1: 

DISK ARRAY 
CONTROLLER 



11: 

CHANNEL 12: 
I/F PK DISK 

I/F PK 



13: 

SM SELECTOR 
PK 



4-7: 

CABLE a1 

4-8: ^ 
CABLE b1 

14: 

SHARED 
MEMORY PK 



11 



13 



23 



12 



2: I/F P/L 




23: 

CM SELECTOR 
PK 



150 
SELECTOR 
GROUP 



51 



11 



11 



12 



12 



15: 

CACHE-" 
MEMORY PK 




3' 

MEMORY 
P/L 



85 



EP 1 094 386 A1 



FIG. 61 



1: 

DISK ARRAY 
CONTROLLER 



165: 

CLUSTER 



Q 2:1/^? A. 



11 



14 



15 



23 



12 



166: 

CLUSTER 



^4-7: 
CABLE a1 



'^4-8: 



CABLE b1 



11 



11 



23: 
CM 

SELECTOR 
PK 



13 



12 



12 



11: 
CHANNEL 
I/F PK 



13: 12-. 

SM DISK 

SELECTOR I/F 

PK PK 



CABLE 4.11: 
a2 CABLE 
b2 



14: 

SHARED 

MEMORY 

PK 



15: 

CACHE 

MEMORY 

PK 



86 



EP 1 094 386 A1 



FIG. 62 



1: 

DISK ARRAY 
CONTROLLER 



11: 

CHANNEL 
i/F PK 



113: 

SM SELECTOR UNIT 
(BACK SIDE) 



12: 
DISK 
I/F PK 



4-7: 

CABLE a1 
4-8: 

CABLE b1 

14: 

SHARED 
MEMORY PK 







r1 


12' 






11 









2: I/F P/L 



123: 

CM SELECTOR UNIT 
(BACK SIDE) 



15: 

CACHE -"^ 
MEMORY PK 




3: 

MEMORY 
P/L 



87 



EP 1 094 386 A1 



FIG. 63 



123: 

CM SELECTOR 
UNIT 

(BACK SIDE) 

DiSK ARRAY 
CONTROaER 



165: 

CLUSTER 0 



2:I/F P/L 











14 


15 



11: 
CHANNEL 
I/F PK 



■4-7: 
CABLE a1 



CABLE b1 



166: 

CLUSTER 1 123 



11 



11 



12: 
DISK 
I/F PK 



4-10: 

CABLE 

a2 



12 



4-11: 
CABLE 
b2 113 



1>l • 



/ 



113: 

SM SELECTOR 
UNIT 

(BACK SIDE) 



14: 
SHARED 
MEMORY 
PK 



15: 

CACHE 

MEMORY 

PK 



88 



EP 1 094 386 A1 



FIG. 64 




PATH b2 



89 



EP 1 094 386 A1 



FIG. 65 



1: 

DISK ARRAY 
CONTROLLER 



155: 

REDUNDANT 
SYSTEM 



2:I/FP/L 



23* 

CM SELECTOR 
PK V 



12: 
DISK 
I/F PK 



11: 

CHANNEL 
I/F PK 

13: 

SM SELECTOR 
4-7: 

CABLE a1 



4-8: 

CABLE b1 

14: 

SHARED 
MBHORY PK 

15: 

CACHE" 
MEMORY PK 




3' 

MEMORY 
P/L 



90 



EP 1 094 386 A1 



FIG. 66 



1: 

DISK ARRAY 
CONTROLLER 



4-5: 
CABLE 

IBS: aO 

CLUSTER 0 



4-6: 
CABLE 

^166: 
CLUSTER 1 



23: 
CM 

SaECTOR 
PK 




11: 

CHANNEL 
I/F PK 



13: 
SM 

SELECTOR 
PK 



4-10: 
CABLE 
a2 4-11 : 
CABLE 
b2 



14: 
SHARED 
MEMORY 
PK 



15: 

CACHE 
MEMORY 
PK 



91 



EP 1 094 386 A1 



FIG. 67 



11: 12: 
CHANNEL DISK 
I/F PK 1/F PK 



11 



t 



12 



2: I/F P/L 



160:' 
I/F GROUP 

4-4: 

CABLE b 



11 



11 



12 



12 




4-3: 

CABLE a 
14: 

SHARED 
MEMORY PK 

3: 

MEMORY-^ 
PA 




14 



IS 



1: 

DISK ARRAY 
CONTROUER 



15: 
CACHE 
MEMORY PK 



300: 

POWER SUPPLY 
BOUNDARY 



92 



EP 1 094 386 A1 



FIG. 68 



coJrrrooER cluster o 



i 



i: 



166: 

2:I/FP/L CLUSTER 1 
A. I 



11 



14 



15 



14 



15 



12 



"^4-3: 



CABLE a 



4-4: 
CABLE b 



11 



11 



15 



14 



12 



12 



11: ; 12: 

CHANNEL 300: DISK 
I/F PK POWER I/F PK 
SUPPLY 
BOUNDARY 



14: 300 
SHARED 
MEMORY 
PK 



15: 

CACHE 

MEMORY 

PK 



93 



EP 1 094 386 A1 



FIG. 69 



11: 

CHANNEL- 
I/F PK 

12: 

DISK- 
I/F PK 



160: 

SELECTOR 
GROUP 



13: 

SM SELECTOR 
PK / 



11 



13 



23 



12 




4-8: 

CABLE bO 



4-7: 

CABLE a1 
14: 

SHARED 
MEMORY PK 

3: 

MEMORY-^ 
PA 



11 



11 



23* 

CM SELECTOR 
PK 



12 



12 




1: 

DISK ARRAY 
CONTROLLER 



15: 
CACHE 
MEMORY PK 



300: 

POWER SUPPLY 
BOUNDARY 



94 



EP 1 094 386 A1 



FIG. 70 



1: 

DISK ARRAY 
CONTROLLER 



165: 

CLUSTER 0 



2:I/F PA 
^ 



166: 

CLUSTER 1 



23: 
CM 

SELECTOR 
PK 



11 



14 



15 



14 



15 



23 



12 



\ 19 



4-7 
CABLE a1 



CABLE b1 



11 



11 



13 



15 



14 



/ 1? 



12 



12 



11: 
CHANNEL^ 
I/FPK 
13: 
SM 



300: 
POWER 
SUPPLY 
BOUNDARY 



12: 
DISK 
I/F PK 



14: 300 
SHARED 
MEMORY 
PK 



15: 
CACHE 
MEMORY 
PK 



SELECTOR 
PK 



95 



EP 1 094 386 A1 



FIG. 71 



11: 
CHANNEL 
1/FPK 

12: 

DISK^ 
I/F PK 



113: 

SM SELECTOR UNIT 
(BACK SIDE) 



2: I/F P/L 
SELECTOR GROUP 



12 



T23' 
CM SELECTOR UNIT 
(BACKSIDE) 



11 



11 



12 



12 




4-7 

CABLE a1 
14: 

SHARED 
MEMORY PK 

3' 

MEMORY—/ 
PA 



15: 
CACHE 
MEMORY PK 



14 



15 



1: 

DISK ARRAY 
CONTROLLED 



300: 

POWER SUPPLY 
BOUNDARY 



96 



EP 1 094 386 A1 



FIG. 72 



113: 123: 

SM SELECTOR CM SELECTOR 

UNIT (BACK SIDE) UNIT (BACK SIDE) 

DISK ARRAY \ / 113 

CalfTROLLER CLUSTER 0 / 2:I/f p/l CLUSTER 1 

-I J-^ ^ 



123 



/I 

































11 


14 


15 


14 


15 


12 





4-7: 
CABLE a1 



CABLE b1 













7 




12 
















11 


11 




15 


14 




12 



11: / 12: 

CHANNEL 300: DISK 
I/F PK POWER I/F PK 

SUPPLY 

BOUNDARY 



14: 300 
SHARED 
MEMORY 
PK 



CACHE 

MEMORY 

PK 



97 



EP 1 094 386 A1 



FIG. 73 



11: 

CHANNEL 
I/F PK 



12: 
DISK 
I/F PK 



155" 

REDUNDANT 
SYSTEM 



150' 

SELECTOR 
GROUP 



13" 

SM SELECTOR 
PK 




23: 

SELECTOR 

PK 



15: 
CACHE 
MEMORY PK 



300: 
POWER SUPPLY 
BOUNDARY 



98 



EP 1 094 386 A1 



FIG. 74 



1: 

DISK ARRAY 

co^frRoaER 

_i 



165: 

CLUSTER 0 



4-5" 

CABLE aO 




2:I/F PA 



4—6 ' 

CABLE bO 

/ 166: 

CLUSTER 1 



23: 
CM 

SELECTOR 
PK 



11 



14 



15 



14 



15 



23 



12 



11: 
CHANNEL^ 
I/F PK 
13: 
SM 



4-7: 
CABLE a1 



11 



11 



LIU 



13 



15 



14 



300: 
POWER 
SUPPLY 
BOUNDARY 



12: 
DISK 
I/F PK 



4-8: 
GABLE b1 



12 



12 



u 



14: 300 
SHARED 
MEMORY 
PK 



15: 

CACHE 

MEMORY 

PK 



SELECTOR 
PK 



99 



EP 1 094 386 A1 



FIG. 75 




4-5: 

CABLE aO 



100 



EP 1 094 386 A1 



FIG. 76 




2 :I/F P/L 



101 



EP 1 094 386 A1 



FIG. 77 



170: 
POWER 
SUPPLY 0 





11: 

CHANNEL 
I/F PK 



12: 
DISK 
1/FPK 



180 
RACK 



102 



EP 1 094 386 A1 



FIG. 78 




180: 
RACK 



103 



EP 1 094 386 A1 



FIG. 79 




104 



EP 1 094 386 A1 



FIG. 80 



4-5: 

CABLE aO 



4-6: 

CABLE bO 



2:I/F P/L, 

155: REDUNDANT SYSTEM 



3* 

MEMORY 
P/L 



4-10: 
CABLE a2 

4-11: 
CABLE b2 

4-5* 

CABLE aO 



4-6: 

CABLE bO 




2:I/F P/L 



105 



EP 1 094 386 A1 



FIG. 81 



12: 
DISK 
I/F PK 



13' 

SM SELECTOR 
UNIT 



11: 

CHANNEL 
I/F PK 



23: 

CM SELECTOR 
UNIT 



301: 

CABLE FOR 
DISK DRIVES 



4-7: 

CABLE a1 




4-8 

CABLE b1 



2: I/F PA 



302* 

CABLE FOR 
HOST COMPUTER 



12: 

DISK 

I/FPK 



11: 

CHANNEL 
I/F PK 



106 



EP 1 094 386 A1 



FIG. 82 




MEMORY PK 



107 



EP 1 094 386 A1 



FIG. 83 



176: 

POWER SUPPLY 
GROUP FOR 
MEM BOX 



177 

BATTERY FOR 
MEMORY BACK UP 



175: 

POWER SUPPLY 
GROUP FOR 
MP BOX 




172: 

POWER SUPPLY 
MODULE 



108 



EP 1 094 386 A1 



INTERNATIONAL SEARCH REPORT 



iniernational application No. 
PCT/JP98/02176 



A. CMSSmCATTON OF SUBJECT MATTER 
Int.Cl' G06F3/06 

i Acomding to International Pateni Clissification (IPC) or to both naiional dassificalion and IPC 



B. FIELDS SEARCHED 



Minimuni daoumenUtian seafcbed (dassification systeni followed by dassafication synbob) 
Int. CI' G06F3/06 



' Doounentation seardied other than minimiiin documentation to the extent that sudi doaimenls are induded in the fields searched 
I jitauyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan K&ho 1994-1998 

Kbicai Jitsuyo Shxnan XOho 1971-1998 Jitsxiyo Shinan Tocoku Koho 1996-1998 



gi'^rnpi'r df **— * ««aMlted during the intemaitopal aeardt (name of data base and, where practicable, aeaich terras used) 



C DOCUMENTS CONSIDERED TO BE RELEVAf^TT 



Category* 



Cilaiion of document, with indicaiion. where appropriate, of the re)evant passages 



Relevant to claim No. 



jp, 7-20994, A (Hitachi, Ltd.), 

January 24, 1995 (24. 01. 95), 

Par. Nos. f00401r [0060], 10063], [0080] ; 

Figa. 7, 8, 12 «. DE, 4422786, Al 



1, 2, 4, 6, 

7, 9, 11, 
17, 32-36, 
40, 41 

3, 5, 8, 10, 
12-16, 18-31, 
37-39, 42 



I ["^ Further documents are listed in the continuation oS Box C □ ^ P*'"* family annex. 



* Special GBtcgofus of dteddocnmeaB: 

*A* dooiiiMddiaiistlies'MfalstaieolibeBnw^diuDot 

oooMdavd to be of particular icievmooe 
"E* esrikr temeal bal pobiislied os er alter ibe ioienaiiooal filiag date 
! V docDmtti«Msaythro«r«kHBbteooprieniydiini(ft)orwtaiGfais 
d«4 to nUiA Ibe poblkatioo diie of aooiber dtation <w other 

^Mdal Kanales^edfied) 
•O* temKtf idm«toa&ccaldiaclo8ue.ase.adabiiiODoreiber 



~T* laier documeut puMtsbcd afler the iflienBtioaal filing diie or prioriiy 
date aad not ta confiiGl witb tfae eppUcatioo but died lo uodcfsuiul 
tbe priaciplc oi Ibmry radeglyias ibe iavcaiiaa 
'X' docuoieQlorpactiailaridevaaoe;tbeclainiediiiveaiioiicaiuiotbe 
ooeadered oovei oi cannot be coasdered to inrolve ao ioveative step 
wbcB Ihc docnaienl is lakeo alone 
*Y' doottOKU of poniottlar rdevaaec; the daiined invcaiioo cannot be 
1 to inrolve aa inmtive «Kp whcB ibe docanest is 



dKBOMtf Fobttibed prior to the 
the priority due daiaied 



tovmiioBs] liliag date bot laitf ifasa 



bciag obvious lo a penoa skiUcd ia the an 
doouoieBl DMber of ibe aaaw patent family 



I Dale of the actual completion of the international search 
August 11, 1998 <11. 08. 98) 



Date of mailing of the inlemationaJ search report 

August 25, 1998 (25. 08. 98) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Faaimite No. 



Authorized officer 



Telephone No. 



Fonn PCT/lSA/210 (second sheet) (July 1992) 



109 



THIS PAGE BUNK mno, 



